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XX. An EJJay on Pyrometry and Areometry^ and on Pby^ 
ficat Meafures in general. By John Andrew De Lxic, 
F.R.S. 

PART T H £ F I R S T. 

Concerning the meafure of the expanjion offolids by beat. 

ReadMarchi9, 26,lt yTy invefcigations of this meafure 

andApril9, 1778. I Y I , , . 

•^ -^ have been owing to accident. A 
new Hygrometer led me to them : I have already men- 
tioned this inttrnment in the paper which the Royal So- 
ciety has done me the honour to infert in the laft volume 
of the Philofophical Tranfaitions, 

I had 



EJfaifur la Pyromeirie et V Areometrte^ et fur les Mefures Phy^ 
fques en gineraL Par J* A. De Luc, Membre de la Societe 
Royak, &c. 

PREMIERE PARTI E. 
De la mefure des expanfions desfolides par la chaleun 

MES recberches fur cette mefure ont ete accidentellcs: c'cft un nouvel Hy- 
grometre qui en eft I'occaiion. Je faifois deja mention de cet inftrumcnt 
dans le memo! re que la Societe Royale m'a fait Phoaneur d'inferer dan$ lc» 
Tranfa£^. Phil, de Fannee derniere. 

D d d 17 J^ 



42. o Mr. DE LUC on 

I had carried it with me to the top of the Hartz, witk 
an intention to repeat there the obfervation upon the dry- 
nefs of mountainous air, which I had made in the Alps; 
but it fell Out, as it often does on mountains, that what 
1 did obferve was the extreme humidity. 

I will not enter upon the conftrudtion of this in- 
ftrument, w^hich I have not yet been able to take up 
again, to bring it to the exaiSlnefs of which it is capable : 
all that is neceffary to mention here is, that it is made of 
ivory, as the firft was, but in a glafs frame; and that 
the effects of the humor upon ivory being inconfiderable, 
I wanted, in order to meafure them corre6lly, to deilroy 
the efFe<Sl of heat \ipon the frame, which I have done (as 
in the compound pendulum) by the expanlion of a 
rod of brafs in a contrary dire£lion. But to do this 
it became neceffary to determine the proportion betw^een 

the 



Je Tavois porte fur la plus haute fommite du Hartz,dans I'intention d''y repeter 
robfervation de la fechereffe de Tair des montagnes, que j'avois faite dans les 
Alpes: mais il arriva, ce qui arrive aufli tres fouvent fur les montagnes, que 
ce fut I'humidite extreme que j'y obfervai. 

Je n'entrerai pas dans le detail de la conftru6liOn de cet inftrument, que je n'ai 
pu reprendre encore pour I'amener au point d*exa£titude dont il eft fufceptibk: 
il fuffira de dire ici, qu'il eft d'yvoire comme 16 premier que j'avois imagine, 
que fa monture eft de verrc, et que les eftets de V humor fur I'y voire etant \^ea 
confiderables, j'ai voulu, pour les mefurer corre£lement, detruire rcffet de la 
chaleur fur la monture; ce qui s'execute, comme dans les penduies compofes, par 
rexpanllon en fens contraire d'unc lame de leton. Ilfailloit done determiner les 

rapports 
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the dilatations of brafs and glafs by heat, and that was the 
occafion which led me to Pyrometfy.- One cannot ad- 
vance a ftep towards the improvement of any of the 
fciences, without contributing at the fame time to bring 
the others to the fame level. 

Being thus obliged to know with fome degree of accu- 
racy the relations of dilatations between brafs and glafs,! 
began by confidering the methods which had been made 
ufe of to eftimate them, and found in them nothing but 
uncertainty. The mountings of the inftruments were to 
be fufpeiled, and their influence not fufficiently guarded 
againft: Micrometers appeared to me uncertain; for 
wheels and levers are liable to almoft unavoidable irregu- 
larities ; iimilar degrees of preflure in the contadt are dif- 
ficult to eftimate; and fuch methods of increafing fmall 

phyfical 



rapports des dilatations du leton et du verre par la chaleuri et c'eft cct objet qui 
m'a jette dans la Pyrometrle. On ne fauroit faire avancer d'un degre vers la 
perfedHon quelque branche des fciences^ fans qu^elle tende a porter les autres au 
meme niveau. 

Me irouvant done dans la ncceffite de connoitre avec quelque precifion ccs 
rapports des dilatations du leton et du verre, je rcflechis fur les mo^ens qu'on 
avolt employes pour les determiner, et je n'y trouvai qu'incertitude. Les mon- 
tures des machines me parurent fufpe£les; je ne trouvai pas qu*on fut aflez a l*abri 
des cfTets de leur propre dilatation : les Micrometres furtout me parurent peu furs : 
ear des rouages et des leviers fontfujets a des irregularites-prefque inevitables; des 
degres femblables dc preffion dans les conta£ls font difficiles a failir; et agrandir 

ainii 
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pliy Ileal efFe6ls render them indeed more apparent, but 

do not at all contribute to their exa6l menfuration. 

I had heard the ingenious Mr. ramsden fay, that 
he had a notion of a Pyrometer different from all that 
had been invented; and knowing his great fkill in 
philofophical and mechanical matters, I applied to him, 
and preffed him to execute his idea. The multitude 
of his other engagements prevented his complying 
with my requeft; and he advifed me to look no far- 
ther for the proportions of the expanfions of brafs and 
glafs than to Mr. sme axon's experiments, which he 
looked upon, with reafon, as the bed that had beea 
made^''^. Still, however, upon my deliring him to ex- 
plain by what means he thought of being able to cor- 
re<5t the faults of the ancient inftruments, he was kind 

(a) Phil, Tranf. 1754. 

enough 



ainfi les petits eflets phyfiqiies, c'cft bien les rendrc plus apparents, nials nulle- 
ment les mefurer avcc exa£l:itude, 

J*avois ou'i dire a Ting^nicux Mr. R amsden, qu'il avoit I'idee d*un Pjronietrc 
different de tons les antres; et connoiffant fa grande intelligence dans les matieres 
de phyfiqne et de inechanique, j'eus recours a lui, et je le preffai d'executer Ton 
plan. Mais la multitude des objets qui Toccupent Ten fempecha, et il me cun- 
feilla de m'en tenir pour le rapport des expaniions da leton et du verre, aux 
experiences de Mr. smeaton, qu'il regardoit avec raifon commeles plusfures*. 
Je priai ccpendant Mr. ramsden de m'expliqucr par quel moyen il comptoit 
de pouYoir eviter les de%.:^^des machines anciennes; et il eut la complaifance 

• Phil. Tranf. 1754. 
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enough to do it, and told me, that he propofed meafuring 
the expanfions of bodies, by the Micrometer of a Mi- 
crofcope; by which means he iliould obviate the greateft 
mechanical difficulties. He added, moreover, that he 
had made a firft trial of his method a long while ago, 
and was aflured of the fuccefs. 

This idea flruck me, and being very defirous of fol- 
lowing it in my prefent need, I determined, if I could hit 
upon any method within my compafs of ability, to un- 
dertake to execute it myfelf. 

I found many difficulties fo long as I only thought 
of abfolute meafures of the expanfions of bodies. I 
was determined not to fet to work without the hope 
of making an inftrument that ffiould be really an exacSt 
one, and the Micrometer always puzzled me. But 
coming happily to reflect that I did not want abfolute 

meafures. 



ide le faire, II me dit done, qu'il fe propofoit de mefurer les expanfions des 
corps, au moyen du Micrometre d'un Microfcope; cc qui eviteroit les plus 
grandes difficultes mechaniques : il ajoutanieme, qu'il avoit fait depuis long tems 
im premier effai de cette methode, ct qu'il etoit perfuade du fueces. 

Cette idee me frappa; et defirant beaucoup d'en faire ufage dans men befoin 
prefent, je me determinai a entreprendre de I'executer moi-meme, fi je pouvois 
imaf^iner quelque moyen qui fut a ma portee. 

Je trouvai beaucoup de difficultes a cette entreprife, tant que je ne fongeai 
qii'a des mefures abfolues des expanfions des corps. Je ne voulois pas mettre la 
main a Toeuvre, fans avoir I'efperancede faire uir aiachine Yraimentexa6te; et 
le Micrometre m'embaralToit toujours, Mais yenant heureufement a confiderer, 

que 



meaiure^i and that it was enough for me to frud t^0 pro* 
portions of dilatibility between two different bodies, I 
was led by that idea to a very fimple method, which 
made all the difficulties; vanifti, and gave mf the confi- 
dence I wanted to fet me to wdrk. Afterwards, indeed^ 
I weiit much farther than I expecSied in flxe abfolute mea- 
fnres themfelves, ^ I ihall ihew, after having fisjft ex- 
plained how I poropofed to afcertain the felative expan- 
fions, and the great advajitage of jti^ method in prac- 
tice. 

Principk on wdici^U founded the cc^mp^ 

ike eocpanftms of boMes Jby beat. 

I fuppofe^^^a perfon to take two rods of the tame forf 
of fubftance, or of two different fubflanceS equally 

dilatable 



quejc n'avois pas befbin de mcfures abA>lues, ct qu'il me fuifilbit dc trouvcr avec 
certitude les rapports des dilatabilites de deux corps dtfierens^ Je fus ccu^uit pa^ 
la a une idie fort fimplc, ou toutes les difficultes Vcvanoui'rcnt: cc qui inc 
donna la confiance Uoiit j*a?ois'befoin pour ittettre la main a Foeiiirre. JVfeif 
cnfuite j'ai ete plus loin que je ii'aurois oiK eip^rct^ d^ns !« meiurei abfbltiei 
memes: c'eft ce que j'expoferai, apres avoir expllque #abordy comment je me 
propofai de trouver les expanfions relatives, et la furete qu'ily a dans la pra^* 
tique en les envifageant fbus ce point de vue. 

Primipe de mifun comffrativi disixpanjms des eorpi par I0 ebaleur* 
Je fuj^fe (h)q^otk prenne deux branclie$'dc m^me matiere,. ou de matiercts 
Igalement dilatkbles par la ^haleur^ et que, les pofant Tune fur Tautre^ eit <ks 

(bj See plate vif» fig. i.«nd ifs txplanatka. 

lie 
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dilatable by heat, and laying them one over the other, t© 
*rivet them together at one of their ends. If then they 
are folidly fufi>ended by the oppofite end of one of the 
^ods only, and on tlie free rod there be marked a point, 
at the level of the point of fufpenlion of the other; thefe 
two points will remain equally immoveable, whatever 
be the heat which afFe<5ks the two rods, fo long as it 
afFe£is them eqiially: &>r the expanfion downwards in 
the fixed rod will be compenfated by the expanfion up- 
wards in that which is free; and confequently, the 
point marked upon this will always remain equally high, 
that is, correfponding in the fame manner %vith the 
point of fufpenfion of the other; fo the proportion of 
cxpanfions of the two rods will be that of equality, fmce 
the diitances from the point of tinion of the rods to 
the two immoveable points will be equal ; and that, con- 
fequently. 



•lie enfemble par «n de leurs bouts: fi on les fufpend folidement par le bout 
oppofe cle Fuiie cks brandies feulement, et qu'on marque un point fur la branche 
libie vis a %'is dii point de fufpenlion de Fautrej ces deux points refterortt 
e^^alcrncnt inimobiles, cpielle que foit la chaleur qni afFcfie ks denx branches 
dcs cue ce fera egakmcnt: car rallongement vers ie bas dans la brancbe fixee, 
ferni corapenie par I'all :rs cment vers le haut dans la brancbe libre; et par con- 
f^uacnt le point marque fur celle- cij reftera toitjours exa£lement a la rneme 
ba-aeur, c'efc a dire vis a vis du pi^ira de fufpenfion de Tautre. Ainfi le rapport 
des cKpaniibilites des deux branches, fera celui d'egalite; puiique la dllla-nce du 
point de reunion des branches, aux deux points immobiiei^, fera la mciue, et que 
¥oL, LXYIIL K e e ^ 
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fequently, the fame length of the two fubftances will be 
requilite to produce the fame lengthening of them by heat. 
But if the free rod fhould have more or lefs expanfibi- 
lity than the fixed rod, the immoveable point of the for- 
mer will not be any longer at the fame height as the point 
of fufpenfion of the latter ; it will be lower, if its expanfibi- 
lity be greater, becaufe a lefs length of this rod will be re- 
quired to make up for the whole lengthening of the other. 
It will be higher, on the contrary, if its expanfibility be 
lefs ; and the diftances, from the point immoveable by 
fufpenfion, and the point immoveable by compenfation, 
to the point of union, will be always in the inverfe 
ratio of the expanfibility of the two fubftances. 

If then we can find this immoveable point by com** 
penfation, and its diftance from the point of union, that 
of the point of fufpenfiion being given, we ftiall have the 

relation 



par confequent il aura fallu une meme longueur des deux matieres, pour pro- 
duire un meme allongement par la chaleur. 

Mais fi la branche libre a plus ou moins d'expanfibilite que la branche fixee, 
le point immobile de la premiere, ne fera plus vis a visdu point de fufpenfion de 
Fautre : il fera plus bas fi fon expanfibilite eft plus grande; parce qu'il faudra moins 
de longueur de cette branche, pour compenfer tout I'allongement de I'autre : il 
fera plus haut au contraire, fi fon expaniibilite eft moindre: et les diftances du 
point de reunion, au point immobile par la fufpenfion et au point immobilepar 
compenfation, feront tofijours en raifon inverfe de Fexpanfibilite des deux matieres. 

Trouver done ce point immobile par compenfation, et fa diftance au point de 
reunion, cellc du point de fufpenfion etant connue, ce fera trouver Ic rapport de$ 

expanfibilite& 
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relation of the expanfibilities of the two fubftances. 
Now nothing is ealier than to do this by means of a Mi- 
crofcope, furniflied with a fingie immoveable wire ; for 
the wire being fitted to a point of the free rod, and the 
two rods being equally warmed, if this point moves, it is 
a fign that it is not that which is fought for, which will 
then foon be found by pointing the Microfcope higher 
or lower on the free rod, according to what fliall have 
been indicated by the firft trials. 

Thus then will the relation of the expanfibilities of 
two fubftances be procured without the neceflity of hav- 
ing recourfe to any Micrometer; confequently, without the 
rifks of the errors thofe inftruraents are fubjeit to, when 
they are ufed in very nice meafures. AH that will be 
neceffary for the exaftnefs of the obfervations will only 

be, 



cxpanfibilites des deux matieres. Or il eft tres aife de le trouver par le moyen d^un 
Microfcope muni d'un feul fil immobile. Car en ajuftant ce lil fur un point de \% 
branche libre, et echaufFant egalement les deux branches, li ce point fc meut, 
cc ne fera pas celul qu'on cherche j mais on le trouvera bientot par tatonnement, 
en pointant le Microfcope plus haut ou plus bas fur la branche librc, fuivant que 
ks premieres tentatives I'auront indique. 

On aura done ainfi les rapports des cxpanfibilites de deux matiercs, fans 
bcfoin de Micrometre, et par confcquent fans etre expofe aux erreurs 
qu'il pourroit introduire dans des mefures auffi delicates: et tout cc qui 
®ft neceiTaire pour re^taftitudc ne confiftc qu'a s'alTurer, qu'un Microfcope 

.E € e a et 
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be, to be affured, that, whilft the fiibftances compared are 
warming, a Microfcope and a point of fufpenfion will be 
jfecured from being difturbed by any motion ; which h 
not very difficult*^ 

Defcription of aninjlrnment^ intended to find out tlje com^ 
parative expanftbilities of bodies by beat^ 

I flatter myfelf, that a defcription will make this in- 
ffrument fufHciently underftood to render it ixnneceffary 
for me to give a figvire of it : flioiild the Society, how- 
ever, be defirous of having a drawing of it, I' Ihall with 
pleafure obey their commands^^^^.. 

The balls of the inftrument is a rectangular piece of 
deal-board, very ftrait-grained, two feet and a half long, 
fifteen inches broad, and one inch and a half thick: it is 
to this that all the other parts are fixed. The firil thing 

Idid 



et un point de fufpenfion leront mis a Fabri de tout mouvement, tandis qu'oa 
©chauffera les raatieres cx)mparees; ce qui n'eft pas bien difficile*. 

Defcriftion ^un Inftrument deftinl a trouver Us ixpanfihUiih comparatives des corp 

far la chakur* 

Jecrols pouvoir me difpenfer de dcnner une figure de ma machine, parce que 

j'efpere qu'une fimple defcription la fera comprendre, Sicependant la Societe 

Roy ale fouhaitoit que j^. fa fiiTe defliner, je me conformerois a fon intention f^j» 

Une planche de fapin a fibres bien droites, de 2| pieds de long, ijpouces de 

large, et if pouce d'epaifieur, fait la bafe de lamaehine.. C'eft- a cette planche 

(c) See plate vn. fig. z, and its explanation. 

que 
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1 did was, to mount it in the manner of a table, with four 
deal legs, each a foot long, and an inch and a half fquare^ 
very folidly fitted near its four angles, and kept together 
at the other ends by four crofs pieces, likewife very folid* 
Ifliall always confider this fmall table as htmg to a ftand, 
capable of being tx-anfported to whatever part there is 
moft light in; the board being in a vertical fituation in the 
direcSlion of its grain, and bearing its legs forward in fuch 
a manner as that the crofs pieces which join them may 
form a frame, likewife placed vertically facing the ob- 
ferver. 

This frame fnftains the Microfcope, which is firmly 
fixed in another frame that moves in the former by 
means of grooves; but with fuch a degree of tightnefs as 
fo render it neceflary to ufe fmall ftrokes of a hammer in 
order to make it flide. The prefllire of fovir fcrews 

will 



^tic font attacliees toutes kis autres partks* Jc Fai montee d^abord comiwe uno 
petite table, ayant qu^tre jambcs dfe fapin d'un pied de bng et d'lf ponce en 
quarre, pofeesbien folid^ment pres dt fes quatre angles, et reuniee a I'aiitre extre* 
mite par quatfc traverfes aufli tres foiides* Je fuppofcrai toujours cette petite 
table fufpeqdue a Bft fuppoft proprc a etce tranfporte la ou I'on a\ara le plus dc 
lumiete, fa pknche etant dans isne fituation verticalc dans la diredicwi de fes 
fibres, et portaitt fes quatte jambes eft atant, de maniere qiae Ics travcrfcs qui 
ks reuniilent fom^ent un cadre, fitue auM verticalement ett'face de Tobfervateur, 
C'ei a ce cadre qii'^ei: folidenient adapte le Microfcope, daws ii» cbaffis 
^ monte et defcend a couli ITe, et avec aflez de jufteffe, pour qu'il faille 
employer dc petits coups de marteau pour le faire mouvoir; la preflion de 

qvatre 
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will give it die degree of friilioii one thinks proper. I 
preferred this mode to that of moving the Microfcope 
by a fcrew, becaufe this laft would have required metal, 
which is more fufceptible of the impreffions of heat than 
deal is; and becaufe the execution of it would have been 
longer, and more expenfive, from the degree of perfec- 
tion it would have required, whilft this limple method 
has fucceeded perfectly well. 

The inner Hiding frame, which is like wife of deal, keeps 
the tube of the Microfcope in an horizontal pofition, 
and in great part without the frame, infomuch that the 
end which carries the lens is but little within the fpace 
between the frame and the board. This Microfcope 
is conftru6led in fuch a manner as that the obje<5t 
obferved may be an inch diftant from the lens, and 

it 



quatre vis lui donne le degre de frottement que rx)n vcut, J'ai prefere cc 
moyen, a celui de conduirc le Microfcope par une vis; parcc que ce dernier 
auroit exige du metal, plus fufceptible des impreffioris de la chaleur que lefapin; 
et que Texecution auroit ete plus longue et plus dilpcndieufe, par la perfc£lion 
qu*elle eut exige : tandis que cette voye fimplc a parfaitement reuffi. 

Le chaffis, qui eft aufH de fapin, tient le tube du Microfcope litue horizon* 

talement, et en grande partie au dehors du cadre; tellement que Ic bout qui portc 

la lentille n'eft que fort peu en dedans de Fefpace compris entre le cadre et la 

planche. Ce Microfcope eft conftruit dc maniere, que I'ol^et obferve peut etrc 

4 Ina 
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it has a wire which is iituated in the focus of the glalies 
in which the objeits appear reverfed. 

At the top of the apparatus there is a piece of deal, 
an inch and a half thick, and two inches broad, lain in 
an horizontal dire<£tion from the board to the top of the 
frame. It is this piece to which the rods of the different 
fubftances, whofe expanfion by heat one wants to mea- 
fnre, are fufpended: one end of it Hides into a focket, 
which is cut in the thicknefs of the board; and the 
other end, which refts upon the frame, meets there 
with a fcrew which makes the piece move backwards 
and forwards, to bring the objects to the focus of the 
Microfcope. There is a cork very ftrongly driven through. 
a hole bored vertically through this piece; and it is in 
another hole, likewife vertical, made through the cork, 

that 



I tin poucede diftancede lalentille; et il porte un fil au foyer des verrcs, ou let 
objets fe peignent renverfes. 

Au ham de l*appareil eft une piece de fapin, d*un pouce etdemi d'epaiflcw et 
de detax ponces de largeur, qui part horizontalement de la planchc et vient fe 
repofe? fur le haut du cadre. Ceft a cette piece que font fufpendoes verticalc- 
ment les branches des diverfes matieres dont on veut mefurer Fexpanfion par la 
chaleur : elle glilTe par un bout, en tenon, dans une mortaife percee dans Fepaif- 
feur de la planche-, et I'autre bout, qui repofe for la cadre, y eft tegii par une 
vis qui fait mouvoir la piece en arriere ou en avant, pour amener les objets au 
foyer du Microfcope. Un bouchon de liege palTe avec force par un trou perce 
vmicalement dans cette piece; et c*cft par un trou, aufli vertical, qui traverfe 

cc 
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that Ae rods are fixed at the top : fo that they hang only, 

and their dilatation is not eountera€ted by any prelEire* 

In order to convince myfelf of the folidity of this in- 
ftruraent, I adjufted the wire of the Microfco|^ upon a 
point of a rod thtis fnfpendedj and left it in that ftate for 
feveral hours, during which! not only moved but ftruck 
the madiine, without perceiving aoy change in the rela-» 
tive |X)iition between the |K)int and the wir^ which poN 
fe<5tly anfwered my end. 

The next thing to be done was toT^eat my rods: fcM* 
this pur|Kjfe I procured a cylindrical bottle of thin glafs, 
about tweMy-one inches high, and four inches in dia^ 
meter, which I placed in the inlide of my machine^ 
upon a ftand independent of the reft of the apparatus^ 
The rcKls are fu^nded in this bottle at a little lefs than aa 

inch 



cc liege, que let liraficliei fottt retenues par leur Imm ftplriew: elles font ainfi 
implement fulpenducs, et^r con^qmcnt kir dilatation ne fe coiifume a aocuii 
effort. 

Pour m'affarerde la folidite de cette micMnc^ j'ajuflai le fil d« Microfcope for 
im point d'une fcrawclie ainfi fufpadoc, ct je le laiffai danscctetat pendant plu* 
iieurs Iieurcs, en tranCportant ct tiecilant meme la mtcbine, fans apperccvoir 
aucun changement dans le rapport d« point avec le fil: ce qui repondoit parfaite^ 
tnent a mon but. 

II s^agitfoit alors d^lcliauier mcs branclies* Je lis faire pourcekunc bou- 

teille cylindrique de verre mince, de 21 pouces de liaut et de 4 pouccs de dia* 

metre, que je pla^ai dans rinterieur de ma machine fur un fupport independaift 

de tout le rcftc de rappareil, Les branches pendent dans cette tK>uteille a «n |»tt 

? tnoini 
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inch diftance from one of the fides, in order to have 
them near the Microfcope. I poured into this bottle water 
of different degrees of heat, which 1 ftirred about with 
a little piece of wood, fattened horizontally at the end of a 
ftick, which I moved upwards and downwards at one 
of the fides of the bottle; in this water I hung a ther- 
mometer, the ball of which reached to the middle of the 
height of the rods. 

The water during thefe operations rifes to the cork, 
which thus determines the length of the heated part: 
the bottle is covered, to prevent the water from cool- 
ing too rapidly at the furface; and a thin cafe of brafs 
prevents the depofit of the vapor upon the piece of deal 
to which the rods are fixed. 

This 



moins d*i3ne pouc« dc diftance de Tun des cotes, parce qu'il faut qu'elies foye»t a 
port^edu Microfcope. J« v6rfe de Teau a diverfes temperatures dans cette bou- 
teille, et pendant lea experiences, j'agite cette eau par le moyen d*«ne petite 
planchctte tcnue horizontalcment au bout d'un biton, que je fais mouvoir de 
haut en bas et de bas en baut ^ Tun des c6tes de la bouteille. Je fufpends dans 
cette can tin Thermomltre dont la boule atteint le milieu de la hauteur des 
branches. 

Ueau, pendant les operations, s'eieve jufqu'au liege, qui determine ainli la 
longueur de la partie icbauSe, La bouteille a iin couvercle, pour empecber le 
rcfroidiflemcnt trop rapide de Fcau I la furfece ; et un etui de leton mince 
empkhc & vapeur de fe d^pofor fnr la piece de fapitt ou les branches font fixees. 

F f f Voila 
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This is a Iketch of my machine, the whole of which 
confifts in the keeping the Microfeope and the point of 
fufpenfion of the rods free from motion dtiring the 
obfervation, and in heating the rods with water. I will 
now give an account of the experiments I have made 
with it. 

Application of the method of Jinding the proportions between 
the expanjibilities of different matters by heat. — Deter- 
mination of the relative expanjibilities of bra/s and 
glafs. 

The firft experiment I made with this machine was 
that which I wanted for my Hygrometer. I took a 
glafs tube, fimilar to thofe which are made ufe of for 

common 



Voila TefquiiTe de cette machine, ou tout confide a rendre le Microfeope etie 
point de fufpeniron des branches a Fabri de mouvement pendant Fobftrvation; 
eta echauiFer les branches par le moyen de I'eau. Je vais iwaintenant rendre 
compte des experiences que j'ai faites par fon moyen. 

AppUcatlm de. la meihode de tromer les rapports des expanfibiUtes de matVeres dif- 
fer entes par la chaleur^ — Determination des expanfiblltth reiatives m Uton ei du 
verre. 

La premiere experience que- je fis avec cette machine, ftit celle dontj'avois 
befoin pour mon Hygrometre. Je pris une branchc de verre percee, femblable a 
celles qu'on employe aux Barometres communs dont le tube ell fort epais: ces 

tubes 
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common Barometers; that which I ufed for the frame oi 
my Hygrometer, and on which I made the experiment, 
had an external diameter of about three-eighths, and an 
internal of about one-eighth of an inch : tlie 1 od was from 
twenty-one to twenty- two inches long, but it pafled under 
the cork only eighteen EngUfli inches, reckoning from the 
point to which was fixed at its bottom the lamella of brafs 
the dilatation of which I wanted to compare with that of 
theglafs. The lamella was applied from this point length- 
ways and upwards along the tube : it had been made thin 
by rollers, to render it the more elaftic; and as it was too 
thin to fup|X)it itfelf upright, I kept it ftretched in 
that direcStion by means of a thread, which, going over 
a pulley, bore at its other end a weight fit to give it 
the fame degree of tenfion which it has in my Hygrome- 
ter. 

Upon 



tubes dontje fais ufage pour la montiire de mes Hygrometrcs. ct que jc foiimls a 
rexpcrience, out environ | de pouce de diametre cxterieur, et d'| a l*intcricnr» 
Le tube que j'emploiai a?oit ai a 22 pouces de long, mais il n'cxcedoit Ic liCge 
que de 18 pouces Anglois, a compter du point oil etoit fixee dans Ic bas la lame de 
leton dont je voulois comparer la dilatation a vec cclle du verre. De ce pointy la 
laniede leton s'elevoit le long du tube, Ellc etoit faite au lamhioirponrlarciHlre 
plus elaftiquei etcommeelle fe trouvoit trop miece pour fe foutenir dc lout par 
elle-meme, je latenois tcndue dans cette direction par im fil, qui, pailant C.r 
wne poulie, portoit a fon autre bout un poids propre a lui donner Is rndtne dcgj'£ Je 
tcntion qii'elle eprouvc dans roon Hygrometre, 

F f ^f 2 J'avoc. 
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Upon this lamella I had marked a fcale which be- 
gan at its point of nnion with the glafs, and was divided 
into fmall equal parts at the fpace along which I thought 
I might be obliged to move my Microfcope, in order to 
look for the point which would neither rife nor fall 
by the variations of the heat. 

Hitherto the difficulties had been inconfiderable, or 
rather I had experienced none at all: but it was not fo in 
the phyfical inquiry which was my firft objedt. The 
nearer we furvey nature^ the more we fee of the diffi- 
culty there is in unfolding her myfteries ; as in the affairs 
of ordinary life, thofe ever find them the mofl difficult, 
who underftand them befl. The moral and phyfical 
Microfcope are equally fit to render men cautious in 
their theories. 

The 



J'avois trace fur cette lame une echellc qui partoit de Ton point de reunion 
avec le vcrre, divifee en pctites parties egales dans Tetendue ou je pcnfois pou- 
voir etre oblige de promener mon Microfcope pour cbercher ce point ^yit^ 
c'eft a dire le point qui ne monteroit ni ne defcendroit par les variations de la 
chaleur. 

JLes difficultes avoient ete fort peu confiderables jufques la, ou plutot je n*eii 
avois eprouve aucune* Mais il n'en fut pas de meme dans la recherche phy- 
fique qui etoit mon premier objet. Plus nous voyons de prcs la Nature, plus 
nous appereevons les difficultes qu'eJle oppofe a fe lailTer devoiler. C'eft ainii 
que dans les afFaires memb de la vie, il n*y a perfonne qui les trouve plus diffi- 
eiles que ceux qui les voyent le mieux. Le Microfcope, phyfique ou moral^ eft 
bien fait pour rendre Thomme circonfpe£t dans fes theories, 

La 
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The firft phyfical difficulty I met with was not new 
tome: I had already met with it in two dijfferent ma- 
chines in which I had made nfe of metals; in the one, 
to mark the variations of the heat; in the other, to com- 
penfate the effects of it : it was the irregular dilatations 
of metals. 

The laft of thefe machines, which is that on which I 
have beftowed the moft care, and which I have ftudied 
with the greateft attention, corrects the efFeits of the 
heat upon a Barometer, and upon an Hygrometer of my 
firft conftruition, which is joined to it, A flrong rod of 
well hardened brafs fupports upon an edge, at a con- 
venient diftance from the center of motion, a lever, 
which holds the fcale of the Barometer fufj^nded, and 
makes it rife or fall by the dilatation or condenfa- 
tion of the brafs rod, as the quickfilver rifes or falls in 

the 



La premiere des difHcult^s phyliques que j*ai rencontrces ne m'etoit pas in- 
connuei je I'avois deja cprouvee en deux niachmes difftrentes ou j'avois em- 
ploye des metatax, dans I'une pourmarquer les variations dc la chaleur, et dans 
Tautre pour en compenfer les effets; c'efl I'irregularite des dilatations des metaux, 

'La derniere de ces machines, qui eft celle a laquelle j'avois donne le plus dc 
foin, et que j^ai etudiee avec le plus d'attention, corrige les elfets de la chaleur 
fur un Barometre, ct fur un HygromCtre de ma premiere conftruflion qui lui eft 
joint. Une forte branche de leton, bien durcie a la filiere, foutient fur un 
trancbanf, a une diftance convenable du centre de mouvement, un levier qui 
tient fufpendus Techelle du Barometre, et qui li fait monterou defcendre, par la 
dilatation ou condenfation de la branche de leton, comme le mercure monte ou 

defcend 
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the Barometer, by the correfponding variations of heat* 
This fcale of the Barometeri when it moves, draws or 
loofens a thread of iilk-grafs, which goes over a fmall 
pulley placed upon the fame axis with a much larger 
one, to which the fcale of the Hygrometer is hung 
likewife by a fimilar thread, which thus varies, by the 
proportion of the diameters of the pullies, as the heat 
makes the quickfilver in the Hygrometer vary. 

This inftrument is extremely convenient for meteoro- 
logical obfervations, becaufe it faves one obfervation, and 
tivo correcSlions for the heat, and thus makes a faving of 
time, which is fpecially precious to the Ail:ronomer,who has 
So many objects of attention. But it is necejHary from time 
to time to correct an irregularity in it, w^hich one ealily 
perceives by means of an index earned by the moveable 

fcales 



defcend dans le Barooikre par les variations corref|>ondantes de la chaleur. 
Ceitc echtlle dii Baromctre, dans fcs mouvemens, tire ou iclfche un ill de pite, 
f]oi paffc fur y ne petite poulie, mife fur un meme aie avec one autre beaucoup plus 
grande a lacjiielle pcnd, auffi par un fil de pite, Fechelle do THygromttrej qui 
%'aric ainii, par le rapport des diametres des poulies, comme la chaleur fait 
Tarier le inercurc de l^'Hygronutre. , 

Cct inftruraent til tres commode pour les obfervations mi teorologiques, parce 
tju'il difpenfe d'pne obfervation et de deux correfiions pour la cbaleur, et qu'il 
epargne aiiifi du temsj oeconomie principalement utile a I AUronomej qui a 
tant d*objets d'attcntion a la fois, Mais il faut y corriger de terns en terns une 
irre'gularitcj qu'on apper^oit aifcment par le moyen d'un index que portent les 

ecbclks 
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fcales of the two inftraments, which going over im- 
moveable fcales of the fame fort, Ihews their dif- 
ference of height. When this difference is no longer 
conformable to the indication of the Thermometer, it is 
ealily rectified by turning fmall pegs, on which are 
twifted ithe thread of filk-grafs which ferves for the fuf- 
penrfion of the fcales. 

The irregularity of which I have been fpeaking con- 
iifts in this, that when the heat, after haviiag varied, 
returns to the fame point of the quickfilver Thermome- 
ter, the metallic Thermometer does not return to it 
exactly, but varies nearly in the following manner. 
During the fummer the metallic Thermometer gains con- 
ftantly on the other; I mean, that amidft its variations, 
it always preferves a fmall part of. the lengthenitig, 

which 



^chelles mobiles dos deux inftrumens, et qui, paflant fur des lechelles immobiles 
femblables, fait voir ainli leur difference de hauteur* Si cette difference ceffe 
d'etre conforme a I'indication du Thermometre, on la re£lifie aifement, en tour- 
nant de petites chevilles fur lefquelles s'enveloppent les fils de pitc qui fervent a 
la fufpenfion dcs echelles. 

L'irregularite dont il s'agit confifte en ce que, lorfque la chaleur, apres avoir 
varie, revient au merne point fur le Thermometre de mercure, le Thermometre 
metallique n'y revient pas toujours exa£tement; et la marche des irr^gularites 
eft ceile^ici : en Ete, le thermometre metallique gagne de plus en plus fur Fautre; 
c'eftadire que, dans fes variations, il confervc toujours quelque petite partie dc 

l*!aUongc* 
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which is at that time its ordinary ftate. In winter, on 

the contrary, it becomes infenfibly a Uttle too fliort. 

The other metalhc Thermometer I have mentioned is 
made of lead* I made it feven or eight and twenty years 
ago, for an inftrument which is more agreeable than 
ufeful, on account of its irregularity. A rod of lead, 
communicating by a thread of filk-grafs, with a fmall 
pulley fixed to the fame axis with a greater one, con- 
du<Sls^ by means of another pulley, a needle through 
whofe axis, which is bored, pafles another axis which 
carries the needle of a pulley Barometer. Thus this in- 
ftrument marks the heat and weight of the air upon 
two concentric circles, by means of two needles turn- 
ing upon the fame center, as in clocks ; befides which, 
the needle of the Thermometer points out upon a 
third circle the corredtion for the heat, to b@ made 

on 



rallongement qui fait alors fon etat ordinaire : en hiver au contraire, il devient 
infenliblement un peu trop court. 

L*autre Thermometrc metallique dont j'ai parle, eft de plomb. Je le fis il 
y a 27 ou 28 ans pour une machine plus agrcable qu'utilc a caufe de fon irregu- 
larite. Une branche de plomb, communiquant aufli par un fil de pite avec 
une petite poulie, mife fur un meme axe avec une plus grande, conduit, par 
une autre poulie et au moyen d*un contrepoids, une aiguille, dont Taxe 
perce, laifle pafler celui qui porte raiguille d'un Barometre a poulie. Ainfi 
cet inftrument marque fur deux cercles concentriques la chaleur et Ic poids 
de Fair, par deux aiguilles tournant fur un meme centre, comme dans Ics 
pendulcs; ct celle du Thermometre indique de plus fur un troifieme cercle, 

la 



Tyrometry and Areometry^ &c. 441 

on the Barometer, which at that time I had already de- 
termined. 

The irregularities of this laft metallic Thermometer 
are of the fame nature, but much more eonfiderable than 
thofe of the other: this had already made me fufpe6l, 
that they proceeded from the metal itfelf, though the 
wood, of which the frame was made, appeared a little 
fufpicious on account of the humidity. 

I met with the fame effeds in my laft exi>eriment&, 
when the frame no longer interfered; and the irregularity 
fhewed itfelf in this manner. Whenever I had obferved 
the point at which my Microfcope pointed upon the la- 
mella of brafs, which wa« fufpended, with the rod of 
glafs, in water at the temperatAare of the air, and 
then put warm water in the room of this; if I cooled the 

water 



la cofreftion a faire pour la chalem- fur ie J^rometre, que j'avois dcja dtter* 
minee alors* 

Les irregularites cle ce dernier Thermometre metallique, qui font dc ni^mc 
iiature que celles de Tautre, font ettcore bcaucoup plus grandesj ce qui m'avoilJ 
deja fait foup^onner qu'elles procedoient du metal meme; quoique la nai^nture, 
qui eft de bois dans les deux machines, me fut un pcu Mf^Bi'Q a caufe d* 
rhumidile. 

Dans mes dernieres experiences j^ai eprouve les memes effets; et ici la mon- 
ture n'^toit plus une raifon de doute. Voici comment cette irregularite fe ma- 
nifeftoit. Quand j'avois obferve le point ou mon Microfcope vifoit fur la lame 
de leton fw{pendue avec la branche de verre dans I'eau a la temperature de I'air^ 
ct que je fubftituois a cettc eau de Teau chaude ; fi je refroidiiibis Teau .peu a pea. 

Vol, LXVIH. G^g je 
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water by degrees, I found that the lamella of brafs pre* 
ferved a little of its lengthening, I did not fufp6<St the 
rod of giafs, becanfe the elafticity of this fubftance is 
phyfically perfedt, and that this quality feems to me to 
be proper to bring back bodies to the fame ftate, when- 
ever the caufes, of what nature foe ver they be, which have 
drawn them from it, ceafe : and I had foon after direcSt evi- 
dence of the irregularity not proceeding from the glafs. 
It was eafy for me to find the proportion of the lengths 
of the brafs and the glafs, which, changing fuddenly the 
water, which had the fame temperature as the air, for 
warm water, produced no difference in the heighth of 
the point upon which the Microfcope pointed : which 
Shewed that the two fubftances had been equally ex- 
panded in contrary diredions; but when I afterwards 

gradually 



je tiouvois que la lame de leton confervoit un pcu de fon alldngemcnt, Je ne 
fufpeaois pas la branche de verrej vu que Telafticite de cette matierc eft phy- 
liquement parfaite, et que cette qualite me paroit propre a ramener les corps au 
meme etat, quand les caufes, quelles qu'elles foyent, qui les en ont tires, vien- 
nent a ceffer: et j'eus lieu enfuite de reconnoitre immediatement que Tirregu- 
larite ne venoit pas du verre. 

II me fut aife de trouver la proportion dei longueurs du leton etdu verre par 
laquelle, changeant tout a coup I'eau qui etoit a k temperature de Fair, en de 
I'eau chaude, il ne fe trouvoit aucune difference dans la hauteur du point fur 
lequel le Microfcope vifoit: ce qui montroit que les expanfions des deux matieres 
<n fens contraires avoient ^e egales. Mais en diminuant enfuite par degres la 
^ chaleur 
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gradually climiniflied the heat of the water, this point 
rofe little hy little; that is to fay, the lamella of brafs pre- 
ferved a part of its lengthening, whilft the rod of glafs 
contracted itfelf to the fame point at which it was at the 
beginning of the experiments. After a number of fimi- 
lar trials, which always ended in the fame manner, I 
went to work another way : when no change had been 
produced in the heighth of the point, by the fudden 
change of water of the fame temperature as the air 
into warm water, I immediately pur, in the place of 
that warm water, water of the fame temperature as 
the air, and in that cafe the point did not change nei- 
ther* 

It will not be ufelefs to mention here, that I had 
in my bottle a fyphon with a cock, by which I drew 
out the water withovit motion; and that I poured it 

in 



chaleur de Peau, ce point s'clevoit pcu a peu ; c*cft a dire que la lame de leton con- 
fervoit une partie de Ion allongement, tandis que la branche de verre fe contrac- 
toit au meme point ou clle Tctoit au commencement de rcxperience. 

Apres nombre de tentatives de meme cfpece, dont Its rcfultats furent tofi- 
jours femblables, je proccdai d'une autre maniere. Lorfque, par le changcmcnt 
fubit de Teau qui etoit a la temperature de Pair, en eau chaudc, il ne s'etoit fait 
aucun changement dans la hauteur du point, je fubftituois, fubitcment aufli, \ 
cette eau chaude, de Teau a la temperature de Pair; et alors le point ncchangeoit 
pas non plus« 

11 ne fera pas inutile de dire ici, que j'avois un fyphon a robinet dans ma bou- 
tcillc, par Icquel je retirois Pcau fans mouvcment; ct que je Py verfois au traverd 

G g g 2 d'vui 



444 ^^* ^^ ^^<^ 0^ 

ill through a long tunnel^ by which means every thhig 

mmainecl quiet during the time of the experiment. 

By comparing thefe two obfervations together, it 
fhoiild feem, that when the igneous fluid is agitated for 
fome tlme^ in fubftahces, the particles of which have not 
that ftrong tendency towards each other %vhich confti- 
tutes elaftieity, it produces forae change in the arrange- 
ment of thefe particles, which hinders the compound 
from refuming the fame bulk upon the return of the 
fame degree of heat ; a change which there is not time to 
bring about, when the variations are ludden, if there be 
at ieaft fome elafticity in the matter* 

In fupport of this we already know, that glafs, the 
moft elaftic of known flibftances, is not fubje(£t to this 
irregularity, as I Ihall foon fliew; that brafsj which is 
much lefs elaftic, is fenfibly affedied by it; and tjiatlead, 

the 



cFun entonaoir a long txiyati. Ainfi tout reftoit tranquille pendant Texperience* 
Ces deux obfervations comparees femblent done indiquer, que Jorfque le 
Hiiide jgne &*agite pendant quelqiie tems dans les matieres dont Jes particules 
n*6nt pas entr'elles cette forte tendance qui fait Felaflicite, il produit dans I'ar- 
rangement dc ces particiiles quelque changement, qui empeche les compofes de 
reprendre exa^tement le memc volume quand le meme degre de chaleur revient : 
eliangement qui n'a pas le terns de s'effeauer, lorfque les variations font fiibitcs, 
s'il y adu moins quelque eiafticite dans lamatiere. 

Nous avons deja pour fondement de cette idee, que le verre^ la plusikftique 
des matieres connues, n'eft pas fujet a cette irregularite, comme je le montrerai 
limXQti quele leton, bi en moins eMique, rafenfibkmenti ct quele plomb, 

le 
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I4ie leaft elaftic of all metals, is ftill more fubje(5t to it than 
brafs, as I have experienced in my Thermometer made 
of it. Befides, this feems to have an abfolute dependance 
itpon that general law, that the lefs elafticity fnbftances 
have, the lefs time is neceffary to make them take the 
bent one means to give them : lead takes it inftan- 
taneonlly ; glafs never takes it at alL A ball of the crumb 
of bread, which one fo eafily fafhions in one's fingers, 
prefer ves its form when it is thrown with violence 
againftaplain furface; becaufe the fluid which confti- 
tutes its elafticity has not time to efcape. Wood, brafs, 
and fteel, refift^ but in the end give way. This effe6t is 
probably the fame with that which the htimor produces 
in the bodies it penetrates, which by degrees likewife 
take the habit of their fl:ate; and this fo much the more 

as 



k moins elaftique de tous ks metaux, y eft encore beaucoup plus fujet que k 
kton, comme je rai vu dans mon Thermometre fait d^ cette niaticre. D'ailkurs 
€cla me paroit rentrer abfolument dans ce phenomene fi general ; que moins ks 
matieres ont d'elafticite, moins il faut de terns pour kur faire contra£^er k plis 
qu'on kur donne : k pkmb kprend dans Finftant; k verre ne k prend jamais; 
unebalkde mie de pain, qu'on fa^onne fi aifement entre fes doigts, confervefa 
forme en bondiflant, quand on la jette avec vioknce contre une furface unie, 
parce que k fluide qui fait fon elafticite n'a pas k terns de s'echapper; k bois, 
kkton, racier, refiftent, mais enfin fe rendent. Get effet eft probabkment k 
meme que celui que produit V humor dans ks corps qu'elk penetre, auxquels 
nous voyons auffi prendre pcu a peui Phabitude de kuretat, et d'autant plus 
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as they are lels elaftic: this is what made me cbiife to 
make my Hygrometer of ivory, as I have ah^eady faid in 
my paper on that fubject. 

If this conjecture upon the effeils of heat in bodies 
which have little elafticity be grounded, as I think it is, 
clocks w^ould gain fome more regularity, if in the compo- 
fition of their pendulum, glafs were ufed inftead of fteel, 
and bell-metal inftead of brafs ; for thefe two fubftances 
being the moft elaftic we are acquainted with, by uniting 
them we fhould be much furer of preferving the fame 
length of the pendulum in the variations of the heat. 

There would be another fmall advantage in making 
ufe of thefe fubftances, which is, that bell or mirrour 
metal, having the fame expanfibility as brafs, as Mr. 
£M£ AXON has demonftrated by his experiments, and glafs 

having 



qu'iis font moins^Iaftiques. C'eft ce qui m'a fait choilir Fy voire pour I'Hygro- 
Hietre, comrae je Fai dit dans mon memoire fur cet inftrument. 

Si cettc conjefture fur les effets de la chaleur dans les corps peu elaftiques, 
eft fondee,^comme elle me paroit Fetre, il y auroit quelque chofe a gagner pour Ja 
regularite des pendules, a employer le verre au lieu de Facier, et le metal de 
cloche en place du leton, dans la compofition de la verge de leur pendule. Car 
ces deux matieres etant les plus elaftiques que nous connoiffions, nous ferion$ 
bien plus fursde conferver par leur combinaifon, une meme longueur aupcndule 
dans les variations de la chaleur. 

On auroit encore ce petit avantage en employant ces matieres, que le metal 
de cloche ou celui des miroirs ayant la meme expanfibilitc que le leton, comme 
Mr. SMEATON i'a trouve par fes experiences, ct le verrc en ayant moins que 

Facier, 
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liavinglefs than fteel,, the grid-iron would be fliorteror 
more fimple. 

The proportion of the dilatations of brafs and fteel^ 
being only as five to three^ it is impoffible to compenfate 
the dilatation of the fteel by a fingje rod of brafs; for as 
there mnft be a fecond rod of fteel to go downwards 
again, there will be two lengths of fteel for one of brafs, 
for which a proportion in the dilatation of fix to three, 
or two to one, wpuld not even fuffice^ One is therefore 
obliged to have a fecond rod of brafs, which goes up- 
wards, by which means the grid-iron comes to be com-^ 
pofed of nine rods, the two afcending i^airs of which are 
brafs. Thus then the lens, which is always very heavy, 
is born by the top of one of the pairs of the rods, which, 
through the medium of a pair of rods of fteel, are them- 
felves fupported on the top of the other pair of the rods 

of 



racier, on auroit une grille moins longue ou plus fimple. 

Le rapport des dilatations du leton et de I'acier etantfeulement de 5 a 3, il 
eft impoffible de compenfer la dilatation de Tacier par un feulretour du leton de 
bas en haut. Car comme it'faut enfuite une autre branche d'acier qui redefeende 
pour porter lalentille, on a deux longueurs <i*acier pour une de leton; a quoi nvk 
rapport des dilatations de 6 a 3 ou 2 a i ne pourroit pas meme fuffire: je ne 
m'arreterai pas a le montrer. On eft done oblige de faire remontcr une feconde 
f6is le leton ; et c'eft par cette raifon que la grille eft compofee de 9 branches, dont % 
paires montantes font de leton. Ainii la lentille, qui eft toujours d*un alTez grand 
poids, eft portee pai le haut de I'une des paires, qui, die meme, par l'entremil« 
4*unc paire de branches d'acier, pefe fur le haut de Tautre paire de branches ds 

Ictcn^ 
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of brafs. Now there muft be fome flexion in thefe rods 
of brafs during the ofcillations of the penduKim, in 
which the lens acquires a fniall centrifugal force from 
the end of one vibration to the other, and thus w^eighs 
differently upon the rods, Bej[ides, this neceffity of turn- 
ing back twice, increafes the total length of the rods, and 
confequently all the caufes of irregularity. On the con- 
trary, by making ufe of belb metal and glafs, the dilata- 
tions of which are as feven to three, ^ fingle pair of 
rods of the former, will be fufEcient to compenfate the 
dilatations of the glafs rods ; confequently the grid- 
iron may either be fliorter, or made xip only of five 
rods, a pair of glafs ones defcending on the outfide, 
a pair of bell-metal ones afcending on the infide, and a 
glafs rod defcending at the center, and carrying the lens. 

This 



leton. Or il doit y avoir quelque flexion dans ces branches de leton par les 
ofcillations du pendule; la lentille acquerant un pen de force centrifuoe d*unG 
extremite a Tautre de chaque cxcurfion, et pefant ainli differemment fur les 
branches. D'ailleurs cette neceilite de retourner deux fois en arriere, augmente 
la longueur totale des branches, et par confequent elle augmente toutes les 
caufes dlrregularite. Aulieu qu'en employant le metal de cloche et le verre, 
dont les dilatations font comme 7 a j, une feuk paire de branches du premier, 
iuffira pour compenfer la dilatation des branches de verre. La grille pourra 
done etre ou plus courte, ou compofee feulement de 5 branches ; une paire de 
verre dcfcendantes a Fexterieur, une paire de metal de cloche montantes en 
dedans, et une branche de verre defccndante au centre pour porter la len- 
tille. 
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This diminution of the total length of the rods, and that 
of the flexion, muft contribute ta increafe the regularity 
of the pendulum, independently of the greater regu- 
larity of the expanfion of the fubftances themfelves. 

As I have begun this digreffion upon an object fo 
effential to clock-making, I iliall obferve farther, that the 
experiments I am fpeaking of are applicable to it in ano- 
ther refpeft, which feems to me of fome importance. 
Subftances of the fame denomination are not homoge- 
neous enough for us to conclude, that what has been 
found in the one, with refpe6t to their very delicate pro- 
perties, will always be exactly the fame in the other: 
and that, for inftance, the lengthening of a certain rod 
of brafs by heat, is an indication that every rod of brafs 
will have precifely the fame lengthening. My opinion 

therefore 



tillc. Cctte dimiaution de longueur totale des branches, et celle de la flexion, 
ne peuvcnt qu' augmentcr la regularite du pendule, independamment de la plus 
grande regularite de rexpanfion des matieres memes, 

Puifque j*ai commence une digreffion fur cet objet eflTentkl a Thorlogerie, je 
ferai encore remarquer icl, que les experiences dont je parle lui font applicable! 
a un autre cgard <jui nae paroit de quelque importance. Les matitres qui por- 
tent le meme nom, ne font pas affez bomogenes, pour que dans leurs pro- 
prietes delicates nous puiffions conclurc, de ce que nous avons trouve dans une, 
qu'il en fera exa£lcment de meme de toutcs celles qui ont la meme denomination ; 
et qu*ainfi par cxemple, Tallongement d'une certaine branche de leton par la 
chaleur, nous indique Tallongemeat de tout leton par cctte caufc. Je crois 
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therefore is, thac it woxild be of fome advantage, ify 
upon every pendulum intended for very delicate obfer- 
vations, there were made the experiment of the compara- 
tive lengthening of the fubftances which compofe it ^ 
marking the center of ofcillation upon the lens by the 
known methods, and pointing a Microfcope upon this 
center whilfl: the heat is made to vary. 

By nfing for thefe pendulums glafs and bell-metal^ 
the firft of which is not at all afFeiled by water, and the 
other very Httle (which little might even be prevented 
by varnilhing it) it would be eafy to obferve the efFefts of 
the heat upon them in water, by means of a tin veiTel, 
having a glafs facing the center of ofcillation. By pouring 
water of different temperatures into this veffel, whilft 
the Microfcope remains pointed to that center, one would 
difcover, in the fureft and Ihorteft manner, that combi- 
nation 



tlonc qa*on obtiendroit plus d'exa6titude fi Ton faifoit immediatementfurcbaque 
pcndule delaine a des obfervations delicates^ J'experience de Fallongement com- 
paratif des matieres qui le compofentj en marquant fur la lentille, par les 
niethodes connues, Je centre d'ofcillation, et pointant un Microfcope fur ce 
centre, tandis qu'bn feroit varier la chaleur. 

En employant a ces pendules le verre et le metal de cloche, dont le premier 
si'eft point afFe£le par Teau, et I'autre Vdk tres pen, et pourroit meme etre ver- 
nifTe, il feroit aife encore d'y obferver les effets de la chaleurdans I'eau, au 
moyen d'une caiffe de fer blanc, qui auroit une glace vis a vis du centre d'ofcilla- 
tion. En y verfant de I'ean a diverfes temperatures tandis que le Microfcope 
feroit pointe fur ce centre, on trouveroit de lamaniere la plus fure et la plus 
7 courte 
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nation of the two fubftances, which would preferve the 
fame length to the pendulum between two determined 
temperatures* 

To make this flill eafier, it would be poffible to con- 
ftruit the grid-iron in fuch a manner as that its correc-- 
tive rods being fixed by fcrews, the proportions of their 
lengths might be changed, till the bell-metal perfectly 
compenfate for the lengthening of the glafs between the 
two fixed temperatures, of which I fliall fpeak hereafter. 
For there would be nothing to correal by this method, 
but the difference of expanfibilities of the fubftances 
employed, comparatively with the mean expanfibility of 
fubftances of the fame denomination, which would have 
been firft difcovered by experiments made for that pur- 
pofe^ I Ihall refume hereafter this correction of the pen- 
dulum, 



courte, la combinaifon des deux matleres qui conferveroit fenfiblemcnt au pen- 
4ule, uae meme longueur dans des variations determinecs de temperature, 

Pourrendrece moyen plus commode, onpourroit ailcment conftruire la grille 
de mani^e, que fes bra-Bches corrcaives etant retenues dans leurs traverfespar 
des vis, on put changer les rapports de leurs longueurs, jufqu'a ce que le metal 
de cloche compCRfat parfaitement I'allongement du verre cntre ks deux tempera- 
tures fix^es, dont je paderai ci-apres. Car on n'auroit a corrlger par cette 
methode, que les differences d'expanfabilite desmatieres employees, comparative- 
mcntarexpanfibilite moyenne de& matieres de meme nom, qu'on auroit trouvec 
|H?lmier«ine«t par des experiences faites a ce deffein. Je reviendrai dans la fuitc 

H h k a ^««^^^ 
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dulum^ 111 order to confider it in a point of view ftiH 

more important* 

I now return to the comparative dilatations of glafs 
and brafs; I mean to the experiments which I made 
in order to determine at what heighth of the lamella of 
brafs the point was, which Ihoiild remain nnmoved by 
the variations of heat* 

Thefe experiments^ notwithftanding all my pain% 
turned our furpriz^ingly irregular; and it wasneceffary 
to make a great number of them, to arrive at any degree 
of probability. In the firft place, the duration of the 
operations made the brafs take> what I have named, the 
habit of its ftate, which prevented it from returning 
cxa6Hy to that in which it was at the fame degree of 

heat: 



a cctte corre£lion dti pendulc, pour la confidcrer fous une face plus importantc 
Cflcore. : 

Je rcviens aux dilatations- comparatives da verre et du leton; c'eft a dire i 
C€S experiences par lefquelles je cherchois a determiner a quelle hauteur fur la 
lame de leton fe trouveroit le point qui reileroit immobilapar les variations de 
la chaleur. 

Malgre tons les ibins que je pris, ces experiences fe trouverent d'unc irregu- 
laritefurprenantej et il fallut en faire un bien grand nombre pour arriver a dcs 
fefttitats un peu probables. D'abord, la longueur des operations faifoit toujours 
prendre au leton ce que j'ai appelle rhabitude de fon etat; ce qui rcmpechoit 
derevenirexaftement i ceki (m il iu>)ct auparavant par le meme degr^ de cha- 
leur. 
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Keat^'^'^: the quicker, however, the returns, the more re- 
gular they were; it will be therefore only from fuch as 
were quick that Ifhall hereafter deduce my conclufions. 
Another difficulty I met with in my experiments arofe 
from the difference of the effe6l of the different changes 
of the temperature. When I fuddenly changed the tem- 
perature of the water from 10'' to 70"" of the Thermo- 
meter to which I have given the name of common in my 
work upon the Modifications of the Atmofphere (which 
anfwer to 54^^and 189I of Fahrenheit) a fomewhat 
lefs length of brafs was wanted to compenfate the dilata-^ 
tion of the glafs, than when I increafed the heat lefs; as^ 

(d) Since the writing of this I have been told, that the fame phenomenon is 
obferved inthecore<Slinglhermometer of watches; and that it produces irregu- 
larities which are in an increafing progreflion^ 

for 



leur (d). Quand ces retour? etoient prompts ils etoicnt plus reguliers* Ce np 
fera done que de celles de nies obfervations qui furent promptes, que je tirerai 
cl-aprts les refultats probabjes, 

Un autre embarrasquej'eprouvai dahs ces experiences, provint de la diiFerence 
d'^ffet des -changemens differens de temperature* Quand je portois tout a coup 
la temperature de mon eau de lo** i 70** du Thermometre que j'ai appelle com* 
««»dans mon ouvra^e fur les Modifications de 1' Atmofphere, ct qui corrcfpondent 
* 54°i ^^ 189*^1 ^c FAHRENHEIT, il me failloit une longueur un peu moindre de 
leton pour compenfer la dilatation du verre, quelorfque j'augmentois moins la 

/Jf/ J*ai, appris depuls.que j'ai ecrit ceci, qu'on remarque ce. pKenomlne danj lc» Thcrmomctres cor- 
IcCkurs des m«i^we8,.« ^\»*il y c»\ifc d« jjrregolaxwljcwiiflantcs. 

chaleur^ 



454 ^^' ^^ ^^^ ^'^' 

for inftance, from lo^ to ^o""^ to whichj howevcrj I li- 
mited myfelf for a reafon I will foon mention. 

The more % approached the heat of boiling water in 
warming the water in my experiment, the nearer I came 
to the proportion found by Mr. smeaton between the 
lengthenings of thefe two bodies by heat; which he has 
fixed toetween glafs and braft wires (which anfwers to 
my milled brafs) as loo to tz32. I had a point upon 
my lamella of brafs which anfwered to this proportion ; 
that is, the lengths of the brafs and glafs were at that 
point in am iaverfe ratio of thefe numbers; and this point 
did not change fenfibly when, inftead of water of i o°, I 
fubftituted water which I poured boiling into ray bottle, 
and which brought the Thermometer to 7 4'' or 76''. But 
when I only encreafed the heat to 40'', this length of 

brafs 



chaleur, eomm« par cxemple de lO^ a 40", a quoi je me bornai par la raifon qiie 
j'indiquerai. 

Plus j'approchois de la chaleur de Teaa bouillante en echauifant mon eau, plus 
Je mc rapprochois du rapport qu'a trouve Mr. smeaton entre les allongeiiiens 
^e ces deux coi'pa par la chaleur, qu'il a fixe, entre le verre e: du leton tire a In 
filiere (qui repond a mon leton ismine) comme 100 a 232. J'avois un point 
fur ma lame de Jeton, qui correfpondoit a ce rapport; c'eft a dire que les lon- 
_gueurs du Jeton et du verre y itoient en raifon inverse de ces nombres; et ce 
point ae changeoit pas feniiblement de hauteur, quand je fubftituois a I'eati de 
l<f^ de Feau que je verfois bouillante dans ma bouteille, et qui portoit le Ther- 
tnometrp a 74" ou 76^ Mais lorfque je n'augmentois la chaleur que jufqu'a 40% 

cette 
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brafs was not fufficient; the point infenfibly funk: 
I fpeak of the greateft number of experiments, for there 
were fome contrary ones. 

Thefe uncertainties recalled my attention to the par- 
ticular objecSt on account of which I had Undertaken 
my experiments;. I mean my new Hygrometer, on 
which, in order to compenfate the efFedt of heat upon 
glafs, it was neceffary to produce this compenfation in 
the natural variations^ of the temperature of the air. I 
therefore confined myfelf within thefe limits ; not indeed 
f recifely within the fame temperatureSy which feemed 
too difficult, though it would have been better; but be- 
tween temperatures nearly equally difFerent>- 

I will not give a minute account of thefe experiments ; 
l>e it fufficient to fay, that from the difference of tempe-' 

rature 



cette longueur de Icton ne fuffifoit pas; le point baiflbit fenfiblement. Je parte 
diiplus grand nombredes experiences; car il y en eut quelquefois decontraires* 

Voyant ces incertitudes^^ je tournai mon attention fur Tobjet particulier pour* 
lequel j'avois entrepris^ ces experiences; c'eft-a-dJre mon nouvelHygromctre, ou, 
pour compenfer I'efFet de la chaleur fur le verre, je n'avois befoin deproduire 
cette compenfation que dans Ics variations naturelles de la temperature de I'air. 
Jfe me renfermai done dans cet cfpace; non precifement entre les memes tempe- 
raturcs^ ce qui me parut trop difficile, quoique c'eiit cte. le micux ; mais entre 
des temperatures a peu pres egalement difFerentes. 

Je ne rendrai pas compte ici du detail de ces experiences; Itfuffira de dire, 
que par la difference de temperature eatre lo? et 4P*' de mon Thermometre, le 

rapport^ 
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rature between i o^ and 40'' of my Thermometer, the mean 
proportions of the dilatations of the brafs and giafs were 
as 2 1 to 10; confequently, I had need of a length of brafs 
which ihonld be to that of the glafs in my Hygrometer 
as 10 to 2 r, in order to make up for the dilatability of 
its frame; whereas it needed to have been from 10 
to 23 in the tranlition from water in ice to boiling 
water* 

1 do not give this latter proportion as being equally to 
be depended upon as the other; but it is fufficient 
that there be really a difference between the two, to 
ground the general reflexions I fhall make, after having 
previoufly noticed another difference of the fame kind 
which I have found by means of this Pyrometer. 

But before I mention theffe new experiments, I wil 
beftow another moment upon thofe ^toch relate to the 

compa-* 



rapport moyendes dilatations du Icton et du verre fut comme 21 a 10 j et que 
par confec]uentj*aydis befoin d'une longueur de leton qui fut a celledu verredans 
iiior* Hygrometre, comme 10 a 21, pour compenfer la dilatabilite de fa mon* 
ture; au lieu qii'il rauroitfallu de jO a 23 dans le paflage^e Peau dans la glace 
a Feau bomljante. 

Je nedonne pas ce dernier rapport comme aufii fdr que f autre; mais il fufiit 
qu*il y alt certainement une difference entre leis deux, pour foitder les reflexioim 
generales aux quelles je viendrai, apres avoir eisplique une autre difference da 
peme genre que j'ai trouvee au moyen de ce Pyrometre. 

Mais avant que de rapporter ces nouvelles experiences, je m'arr^terai encore 
»» iHoment fur cellesqui regardent les expanfibiiites comparatives, oules rapport 

^ntrc 



Pyrometry and Jreometry^ Zcg. 457 

comparative expanfibilities, or the proportion there is 
between the expanlibiUties of bodies, which feem to me 
by this method to be reduced to an operation as iimple as 
it is conclufive. 

Firft, with refpe<fl to the frame of my Pyrometer^ 
however rude it be, I have hitherto difcovered no de- 
fe6l in it. A point of fufpenfion of the rods which 
preferves throughout the experiment its rela:tive pofi- 
tion to the Microfcope, is the eafieft thing to obtain by 
means of this deal frame, which i^ not fenfibly afFe£ted 
by the fmall changes in the air, and is expofed to no other 
variation: and this is a great point gained when it is con** 
fidered, that hitherto frames had a fenfible effect tipoEi 
the indications of the Pyrometers ; and that all that could 
be done, was to endeavour to obviate this influence. 

Again, 



cntre les expanfibilltes des corps, qui me parollTent reduites par cette route a 
une operation aufli fimple que fure. 

D'abord quant a la monture de mon Pyrometre, quelque grOffiere qu*elle foit, 
je n*y ai trouve jufqu'a prefent aucun defaut. Un point de fufpenfion des 
branches, qui conferye pendant I'experience fapofition rektive a celle du Mi- 
crofcope, eft la chofe la plus aifee a obtenir par cette monture de fapin ; les petits 
changemensde Pair ne raffeaant point fenHblement, et n^tant expofee a au- 
cune autre caufe de variation. Or c'eft la un grand point d*obtenu, quand on 
confidere qu€ jufqu' ici les montures inlauoient toujours effentiellement fur les 
indications des Pyrometres, ct que tout ee qu'on pouvoit faire, etoit de chercher 
a en corriger les effets. 

Vol. LXVIII. I i i Enfuitc^ 
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Again, meafurement will itfelf always be an occaiion 
of error more or lefs conliderable in phyficSj becaufe 
our Micrometers are all imperfe6t. It is true, indeed, 
that we are daily improving them, and with great rea- 
fon, fince we are obliged to meafure almoft every where ; 
but it is not lefs true, that, not to be obliged to meafure, is 
a great additional fecurity. Now by this method t^here 
is no neceffity for meafuring: all one wants i&j to find 
a point upon the rods of different fubftances thus fuf^ 
pended, which neither rifes nor falls when the tempera- 
ture of the water is changed; and it is fufficient for this 
purpofe, that the Microfcope do not vary during the ob- 
fervation. 

As to the meafure of the lengths of the rods, whofe 
expanfions compenfate each other at this point, all 
poflible errors in this refpeil are hitherto of no import. 

We 



Enfuite, mefurer, fera toujours en phy%ue une occafion d'errevirs plws ou 
moins grande; parceqiie nos Micrometres font tons imparfaits. On les pcr^ 
feaionne tons les jours d'avantagej et il le faut bien, puifque nous fommes 
obliges de mefurer prefque partout; mais il n'en eft pas moins vrai, qu'etre 
difpenfe de mefurer eft une grande furete de plus. Or on I'eft totalement par 
cette methode. Trouver fur Tune des branches de matieres differcntes ainfi fuf- 
pendues, un point qqi ne s'elcve ni ne s'abaifle en changeant la temperature de 
Teau, eft tout ce dont on a befoin; et il fuffit pour cela que le Microfcope ne 
varie pas tandis qu'on obferve. 

Qil&nt a la mtfure de la longueur des branches dont ks expanfions fe compen- 

fent a ce point, c'eft un objet fur lequelles erreurs poffibles ne font encore d'au- 

5 eunc 
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We are very far frcai being able to perceive, in the 
quantities of expanfions, thofe differences which might 
arife from the imperfedtion of this meafure. 

One may take therefore a rod of fome fubftance, glafs 
for inftance, and put at the end of it a convenient clafp 
for holding other rods of different fubftances.: thus, by 
feparately comparing their expanfions with that of the 
rod of glafs, by the pofition of the immoveable point, 
one will obtain the proportion of their expanfibility 
with that of glafs, and confequently with each other- 

Nor may folids only be fmbje(5ted to thefe experimentSj^ 
but fluids alfo : for by enclofing them in a cylindrical 
tube of glafs, the expanfibility of w^hich is known, they 
wall be as rods, which may be thus fubmitted to the fame 

experi- 



cune confequence. Nous fommes bien loin de pouvoir reconnoitre dans les 
quantitcs des expanfions, les differences qui pourroient refulter de Fimperfeaioii 
de cette mefure. 

On pourra done avoir tine branche d'unc certaine matiere, dc verre par exem- 
ple, a Fun des bouts de laquelle on aura ajufte une pince commode, pour y fixer 
d'autres branches de diverf'^s matieres : et comparant ainfi feparement leur expan- 
fion avec celle de la branche de verre, par la pofition du point immobile, on 
aurales rapports de leur expanfibilite avec celle du verre, et par confequent entre 

elles. 

Co ne fera pas feulement les folides qu'on pourra foumettre a ces experiences i 
mais les fluides. Car en les renfermant dans un tuyau de verre cylindrique, dont 
rcxpanfibilite foit connue, on en fera comme des branches, qu'on pourra ainfi 

I i i 2 foumettre 
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experiments, by means of a fmall opaque body float- 
ing at the top of them, and to which the Microfcx>pe 
may be pointed. I do not, however, infill upon this ap- 
plication of the machine; fince the expanfion of li- 
quids may be obferved in vafes, the dimenfions of which 
are known, by joining cylindrical tubes to them, which 
render their expanfions much more fenfible. I Ihall only 
obferye,thatfromtheknowledge of the dilatability of the 
tube, one fhouldnotreduce its capacity to what it would be 
if the glafs did not dilate itfelf, as is done with refpedl to 
vafes in order to know the true change in the volume of 
liquids contained in them; but that^ on the contrary, we 
Ihould here fuppofe the dilatation of glafs greater than 
it is, and as it would be if it had the fame expanfibility 
as the liquid; and then diminifh according to that pro- 
portion 



foumettre aux memes experiences, en faifant flotter un petit corps opaque a leur 
furface, pour y pointer le Microfcope, Cependant je n'infiftc pas fur cettfe ap- 
plication de Ja machine ;^ parceque le& expanfions des liquides peuvent etre ob- 
fervees dans des vafes dont on connoit la capacite,. en y joignant des tubes cylin- 
driques; ce qui rend leur expanfion beaucoup plus fenfible. Je remarquerai done 
feulement; qu'il ne faudroit pas, d*apres la connoiflance de la dilatabilite de la 
maticre du tuyau, reduirepar le calcul facapaciteya ce qu'elle feroit fi le verrene 
fe dilatoit pointjcomme on le fait a I'egard des vafes pour connoitre le changement 
reel du volume des liquides qu'ils contiennent; maisqu'au contraire il faudroit ici 
fuppofer cette capacite plus grande, en laportant a ce qu'elle feroit, fi le verre 
avoit la meme expanfibilitc que le liquids ;. et diminuer dans cette proportion 
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portion the obferved lengthening of the latter: for in 
comparing the expanlion of a fluid with that of a folid, 
we muft take notice, that we meafure the change of 
bnlk of the latter, according to one of its three dimen- 
lions only, for which reaibn the fluid muft be brought 
to the fame predicament. 

Air might alfo be fubjedted to thefe experiments by 
enclofing it in a glafs tube by means of a fmall column 
of quickfil ver. But I cannot help being of opinion, that 
all experiments made on air enclofed, will be found in- 
accurate, when applied to the air in general. The 
expanfibility of air by heat varies exceedingly, according 
to its greater or lefs degree of humidity ; and I know from 
experience, how difficult it is to enclofe in a tube, air of 
a determinate dry nefs : but if it is more humid than its 

mean 



rallongement obferve de c€lm-ci. Car pour comparer Texpanfion d'un fluide a 
celled'un folide, il faut avoir egard ace que nous ne mefurons le changementde 
volume de ces derdicrs que fuivant une feule de leurs trois dimenfions, et que 
par confequent il faut reduire le fluide au meme cas. 

On pourroit aulli foumettre Tair ^ ces memes experiences, en le renfermant 
dans le tube de verre par une petite colonne de mercure. Mais je ne puis m'em- 
pecher de croire que les experiences fur Tair renfenue feroni loujours inexaftes 
quand on les appliquera a fair en general. Uexpanfibilite de I'air par la cha- 
leur varie beaucoup, iuivant qu'il eft plus ou moins husnide; et je fai? par cxpe- 
nence, qu'il eft bien difficile de renfermer dans un tube, de Fair d'une fechereiTc 

determinee* 
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mean ftate in the atmofphere, its expanfibility by heat 

will be greater. 

It is not impoffible that this may be the reafon why 
Colonel ROY and Sir george shuckburg found a greater 
expanfibility in the air encloled in their Manometers 
than what I deduced from my obfervations in the open 
air. The bare difference there is between the air of 
London and that of the mountains of Switzerland may 
be fufficient to account for this eflfe6t. I believe, indeed, 
that the differences of humidity v/ill be caufes of error in 
the Barometrical meafures of heights, fo long as thefe 
differences fliall not enter into the formulae; and it was 
this confideration which firfl led me to think of an Hy^ 
grometer^'^ 

(e) I fiiall return to this object, and treat it more particularly, in a paper 
upon Refradlons, of which I iliall fpecik hereafter. 

As 



citi;crmin<fe. Or s'ii eft plus humide que fon etat moyen dans I'atmofpliere, fon 
cxpanfibilite par la chaleur fera plus grande. 

Jl n*eft pas impoffible qu^ ce ne foit la la raifon pour laquellc M' Ic Col. 
ROY et M' le Chev. shuckburgh ont trouve a Pair renferme dans leurs Mano- 
mctres, une expanlibilite plus grande que celle que j'ai deduite de mes obferva- 
tions dans Tair libre; la difference peut-etre de Pair de Londres et de celui qui 
environne les montagnes de la Suiffe, pcut produire eet efFet : je crois meme que les 
differences d'humidite feront des caufes d'ecarts dans les mefures Barometriques 
des hauteurs, tant qu'on ne pourra pas faire entrer ces differences dans les for- 
Miules : c'cfl le premier motif qui m'a fait chercher un Hygrometre (e)* 

(t) Je reviendi-ai a cet objet pour le traiter plus partlculierement, dans un menioirc fur les Refi-aftlons 
#lont jc parlcrai ci-aprts. 

Quant 
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As to the differences of the condiifions drawn from 
thefe gentlemen's experiments and mine made in the 
open air, though they be conformable to the above-men- 
tioned difference, they may yet arife from another caiife. 
I always obferved the temperature of the air with my 
Thermometer in open air, and in theSun ivhen it flione ;• 
whereas they obferved in the fliade. As often then as I 
found the air warmer in the Sun, than I fliould have 
found it in the fhade, which was almoft always the cafe,, 
efpecially in the plain, I did not ftand in need of as great 
a corre£tion as thofe gentlemen for each degree of thc^ 
Thermometer; fmce in the fame circumftances fhe degrees 
were more numerous in my obfervations than in theirs^ 
and confequently, with a lefs correction for each degree, 
my whole correction was equal to theirs. I will add, that I 

did 



Quant aux differences des refultats des experiences de ces MelTienrs et des 
miennes dans Fair Fibre, quoiqiie confonnes a la difference precedente, elks 
pourroient bien venir d'une autre caufe. J'obfervois toujat3rs la temperature de 
Fair avec mon Thermometre a boulc ifolee, en plein airj et au foleil qiiand il lui- 
foit; aulicu qu'ils Fobfervoient a Fombre. Si done je trouvois Fair plus chaud 
au foleil, que je ne Faurois trouve a Fombre, ce qui etoit prefque toujours le 
cas, furtout a la plainCj jc n'avois pas befoin d'une li grande corredion que ces 
Meffieurs pour cliaque degre du ThermonJttre, puifqu'ils etoient plus nombreux 
dans mes obfervations que dans les ieurs par les memes circonilances ; ee 
qu'ainfi. avec unc nioindre corre£lion pour chaque degre^ j'avois une corredicn 
totale aullgrande» J'ajouterai, queje n'ai pas trouve que les rayons dire£ls d\\ 

fbieil 
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did not find that the direit rays of the Sun heated irregu- 
larly the glafs of the ball of a Thermometer when clean, 
which may be eafily feen by looking at the experiment 
mentioned in p. 56, 57. of the fecond volume of my 
work.: confequently, when thefe dire6l rays adl upon the 
air, it is a caufe of heat which fhould not be negle6ted, 
I am ftill therefore of opinion, that it is better to ob- 
ferve the Thermometer in the Sun than in the fhade; 
and that the correction for the heat of the air may 
ftand fuch as this method of obferving requires it. 
There are always adling caufes enough in the column 
of air weighing upon the inferior Barometer,* which can- 
not be known in the fuperior ftation, for us not to negle6t 
any of the oi-dinary caufes which may be perceived. 

It 



foleil echaufTafTent irregulierement le verre bien net c!e la boule d'un Thermo- 
metre; ce qu'on pourra voir aifement: par I'experience rapportee aux p. 56 et 57 
du fecond volume de men ouvrage: et ainli quand ces rayons directs agilTent fur 
Fair, c'eft une caufe de chaleur qui ne me femble pas devoir etre negligee. 

Je crols done toujours qu'il convient mieux d'obferver le Thermomctre au 
foleil qu'a I'ombre, et de laiffer la correftion pour la chaleur de Fair propor- 
tionnee a cette methode. II refte toujours aifez de caufes agiflantes dans la co^ 
lonne d'airquipefe immediatement fur le Barometre inf^rieur, qu'on ne pent pas 
connoitre a la ftation fupericure, pour qu'on ne doive negliger aucune des caufes 
communes qui font faifiifables. 

J II 
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It is therefore probable, that had I obferved in the fame 
places as thefe gentlemen with my Barometer, expofing 
at the fame time my Thermometer to the Sun, I fliould 
have found the real height as well as they, without 
changing my rule; which already appears, I think, from 
my having derived it from experiments made in the 
fame place where Sir george shuckburgh has made his. 
principal obfervations. 

I will only add, that ij^ in the different opportunities! 
have had of trying my rule fmce it is fixed, it had 
conftantly given me the heights too fmall, as thofe 
gentlemen have found it, even confidering what is above 
ftated, I Ihould have fufpecSled with Colonel roy, that 
1 ought not to have taken out from the obfervations 
from which I have concluded my rule, thofe which I 

made 



II eft done affez probable, que ii j'avois obferve dans les memes lieux que ces 
Meflieurs avec mon Barometre, et en expofant men Thermometre an foleil, 
j'aurois trouve comme eux les hauteurs reelles, fans changer ma regie : et c'eft 
ce.qui paroit deja, ce me femble, de ce que je l*ai conclue d'experienccs faites 
-dans le meme lieu ou M"^ le Chev, shuckburqh a fait fes principalcs obfer- 
vations, 

J-ajbuteralfeulement, que li dans les diverfes occasions que j'ai cues d'eprouver 
cette regie depuis qu'elle eft fixec, elle m'avoit donne conftamment les hauteurs 
«n peu trop petites, comme il refultcroit des experiences de ces Meffieurs, meme 
en ayant egard aux confiderations ci-deiTus, j'aurois foup^onne alors avec M'^ 
k CoL ROY, queje n'aurois pasdu retrancher du nombre des obfervations dont 
j'ai tire ma regie, celles que j'avois faites au lever du foleil, qui toutes donnent 
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made at Sun-rife; all which, according to this rule, give 
the heights too fmall. For it would then appear,.that it 
is owing to accident alone that the exceptions of this kind 
happen to be at that precife time of day; that they are 
deviations which are ftill to be expe<5led,till more circum- 
ftances have been taken noticeof inthe obfervations,ancl 
new equations are introduced in the formula; and that 
having admitted the exceptions on the contrary fide, I 
ought to have left thofe in the bulk of my obfervations, 
before I deduced the mean laws from them, which would 
have brought me nigher to the conclufions drawn from Sir 
GEORGE shuckburgh's and Coloucl roy's obfeiTations. 
The late Mn de la cond amine, one of thofe rare 
men who take an intereft in the labours of their friends, 
was already of this opinion; and I fliould have made ufe 
of it, had not my tables been already calculated. How- 



ever, 



les hauteurs trop petites fuivant cette rcgle^ Car il p^roitroit en ce cas, que ce 
n'eft qu' accidentellement que Ics exceptions dans ce fens la fe rencontrent a ce 
moment du jour; que ce font des ecarts auxquels on doit encore s'attendre, 
jufqu'a ce qu'on ait embraffe plus de circonftances dans les obfervations, et de 
nouvelle« equations dans laformule; et qu'ayant admis les exceptions contrai res, 
jc devois laiffer celles la dans Tenfemble de mcs obfervations, avant d'en deduire 
les loix moyennes: ce qui m'auroit rapproche d'avantage des refultats des obfer- 
vations de M' le Col. roy et de M'le Chev. shuckburgh. 

Feu M"- DE LA coNDAMiNE, Fun de ces hommes rares qui favent s'interefTer 
aux travaux de Icurs amis, m*avoit deja fait faire cette reflexion; et j'y aurois 
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ever, I did hot jSnd afterwards any neceffity for it by my 
own obfervations* 

Here then is a new fubje<5l of inveftigation, and con- 
fequently tbofe gentlemen's obfervations ai^e exceedingly 
interefting, fince they will engage natural philofophers 
not to give tip this object till it is entirely cleared up. 

I return to my idea of encloling bodies in tubes of 
glafs, only to obferve that it will be abfolutely neceflary 
to make ufe of this method, in the experiments upon the 
expanfion of bodies affe<£ted by humidity, as well as by 
heat, for thofe cannot be expofed naked to the heat of 
the water. Woods, therefore, may be compared either 
with one another, or with metals, by enclofmg them in 
glafs tubes. Some difficulties I met with from the 
vapours which form themfelves in heated tubes; one of 

the 



cu egard fi mes tables nWoient ete toutes calculees. Cependant dcs lors je n'ert 
ai pas apper^u le befain par mespropres obfervations. 

Voila done un nouvel objet d*examen; et par confequent les obfervations de 
ces Meffieurs font tres intereffantes ; puis qu'elles cngageront les pbyficiens a ne 
pas abandonner cet objet, jufqu'a ce qu'il foit eclairci, 

Je reviens al'idee de renfermer les corps dans des tubes de verrc, pour ajouter 
feulement, qu'il fera indifpenfable d'employer ce moyen, lors qu*on voudra fou- 
mettre aces experiences des corps que I'humidite afFe£le aufli bien que la chaleur t 
car ceux la ne peuvcnt pas etre expofes nuds a la chaleur del'eau. Gnpourra 
done par exemple comparer les bois entr*eux ou avec les metaux, en les renfer- 
jnant dar^ des tubes de verre. Quelques difficultes que j'ai eprouvees, a caufc 
des vapeurs qui fe forment dans les tubes echauffes, et qui font une de mes raifons 
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tJie reafons why I fufpe6t the experiments made upon 
air in Manometers, has obliged me to fufpend the expe- 
riments I had iindertafcen upon the expanfion of woods. 

This method of finding the relative expanfibiUties of 
"bodies may eafily be turned into a method of finding 
their abfolute expanfibiHties : forif one knows with cer- 
tainty the expanfibility of the rod of glaft to which all 
the other bodies are compared; by means of that, one 
will come to the knowledge of the abfolute expanfibility 
of all thefe bodie$. 

The jK)int then would be to^iveall pofRble attentionj 
and ufe all the refources of art, to the determining the 
expanfibility of this rod of glafs; and this one may hope 
to arrive at by this fame maehine, as I Ihall fliew by 
the following account of my fiiA trial* 

Effay 



de fufpeaer les experiences faites fur fair dans les Manometrcs, m'ont oblige de 
fufpendre cellcs que j'avois entreprifes fur rcxpanfion ^q% boisw- 

Cette methode de trouvcr les expanfibiiites relatives des corps, peut encore 
€trc changee aifement en une methode de trouver leurs expanfibiiites abfolues* 
Car fi Ton connoit par excmple celle de la branche de verre a laquelleon ctm- 
parera tons les aoires corps j on connoiira par die I'expanfibilite abfolue de toi» 
CCS corps, 

II ne s'agiroit done que de concentrer fon attention, ct toutes les reffources de 
rart, fur la determination dc I'expanfibilite de cette branche de verre; a quoi 
ron peut efp£rer de Teuffir avcc cette meme machine, commc je vais le montrer 
i'apres un premier cffai. 

BJfal 
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mpay upon the meafure of the abfolute expanjion of bodies 

by beat* 

Though I did not at firft intend to make ufe of my in- 
ftrument in the meaftire of abfolute expanfions, I could 
not help making fome experiments on this fubjeft. 

BejGdes the immoveable wire placed in the focus of 
the Microfcope, I had defired Mr. ramsDen to put in 
another, moveable by a fere w: I then began, firft, liy 
feeking the value of the parts of the Micrometer, in 
doing which the little fcale I had traced on the lamella 
of brafs was again of fervice to me. I had made it as 
€Xa6t: as I poflibly could; each of its divifions was the 
4poth part of a French foot. The divided part of it was 

three 



Effaifuf h Mifun des ^xpanjtans uhfilues des corps par la chakur. 

Q^oique je n'ettffe pas intention d'abord d'employer ma machine a mefarer des 
ocpanfionfabfolnes, ytnt laiflai pas de tenter quelqnes experiences fur cetobjet. 

Outre ie fil immobile place au foyer da Microfcope, j'avois demand! a M'' 
EAMSDENHi'en nacttre un qui fut mobile, et conduit par une vis, Je chercbai 
done d'abord la valenr des parties du Micrometre; a quoi me fervit encore la 
petite ^helle traceefur malame de leton. Je I'avois faitc auffi cxaaement qu'il 
m'avoit Ite poffiWe, ct fes parties etoient des 400«»« du pied de France. Elk 

avdt 
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three French inches in length, confeqiiently confifted of 

loo of thefe parts, that were, or were fuppofed to be, 

equal. 

Pointmg then my Microfcope at firft uj^on one of the 
extremities of the fcale, the two wires coinciding, I 
brought the moveable wire to the next point, counting 
the turns of the fcrew : then conducting the immoveable 
wire from one part to another of the fcale, and hringing 
at every change the moveable wire to the point imme- 
diately following, I noted all thefe lengths of the parts 
meafured by the Micrometer, the fmall diiferences of 
which marked the imperfeftions of the fcale. The mean 
of thefe ICO meafures gave me 21,333 ^tirns of the 
fcrew, for a part of my fcale, that is, for ~th of a 
French foot. This, according to the proportion of 1 6 to 
1 5 between this foot and the Englifli, a proportion exadl 

enough 

avoit 3 ponces de France dans la portion divifee, et par confequent lOo de ces 
parties egales, ou cenfees I'etre. 

Pointant done d*abord mon Microfcope fur Tune des extremites de rechelle, 
tandis que les deux fils comcidoient, j'amenai le fil mobile fur le point fuivant 
en comptant les tours de la vis; puis conduifant lefil immobile de partie en partie 
de rechelle, et amenant a chaque fois le £1 mobile au point immediatement fui- 
vant, je notai toutes ces grandeurs des parties, mefurees par le Micrometre, dont 
les petites differences marquoient les imperfections de rechelle. Le milieu entre 
ces lOO mefures me donna 2 1,333 tours de la vis, pour une partie de mon echelle, 
c'eft adirepour^^^ du pied de France, Ce qui, dans le rapport de 16 a 15 de ce 
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enough for this meafure (and perhaps very exad) makes 
twenty tvirns for ~o^h of the Englifli foot, or one turn 
for ^goVo^h of a foot. One conld eafily diftinguifli the ef- 
fe6t of -j^th of a turn; confequently, the inftrument vyas 
fenfible at j^^th of a foot, or about y^th of an inch. 

Knowing thus the vahie of the parts of my Micrometer, 
I undertook to meafure the abfokate lengthening of my 
rod of glafs, which wasof 1.8 Englifh inches; and from 
a mean of four experiments, the refult of which differed 
very little, I found that my rod of glafs had lengthened 
7,5 turns of the fcrew of my Micrometer from the heat 
of 10'' of my Thermometer to that of 70% 

I Ihall not make any fenfible error if I augment this 
number of turns in the proportion of 60 to 80, in order 
to obtain the total expanfion which would be made by 

the 



pied acelui d'Angleterre, aflfez exa6l pour un objetde cette nature (et peut-etre 
tres exact) fait 20 tour pour %\j5 du pied Anglois, oai tour pour -^^-^ de pied. 
On pouvoit diftinguer aifement I'effet d^T^ de tour, et par confequent l*inftru- 
ment etoit fenfible a -^J^^ de pied, ou environ 77^575 de pouce. 

ConnoifTant la valeur des parties de mon Micrometre, j'entrepris de mefurer 
I'allorigement abfolu de ma branche de verre, qui avoit 18 pouces anglois: et 
par un milieu entre quatre experiences, dont les refultats difFererent tres peu, je 
trouvai que, de la chaleur de 10° fur mon Thermometre a celle de 70% ma 
branche de verre s'etoit allongee de 7,5 tours de la vis du Micrometre. 

Je ne ferai pas une erreur fenfible en augmentant cc nombre de tours dans le 
rapport de 60 a-80, pour avoir Pexpanfion totale qui fe feroit faite par le paffage 
de I'eau dans la glace a Feau bouiilante, foit de a 80% malgre laconlideration 

de 
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the paflage of water in iee to boiling water, that is, from 
o to 80'' upon my Thermometer, notwithftanding the 
confideration of the different progrefs of qiiickfilver and 
glafs in their expanfions by heat, which I fhail fpeak of 
hereafte?; becaufe the two terms of the obfervation, 
10" and 70% are eqni-diftant from the two fixed points 
of the Thermometer^ I ftiall have then a third part te 
add to the number of turns for the expanfion of 1 8 
inches of glafs pajiing from the heat df water in ice to 
that of boiling water, which wfll make 10 turns, or 6| 
for the expanfion of one foot. 

One turn of the fcrew being equal to ^^th of a foot^ 

6f make g~^ = Ti^o* of a foot = y|^th of an inch in one 
foot. Now this is precifely what had been found by 
Mr. SMEATON. However, this fingular conformity may 

be 



de la difference des marches du mercureetdu verre dans leurs expanfions par k 
chalemr, dont je parlerai ci-apres: parce qm les demx termcs de robrervatio% 
qui font iO° ct 70% fe trouvent a^egale diftance de ces deux points fixes duTher** 
mometre. J'amrai done un tiers a ajouterau Jiorabre des tours, pour rexpan- 
fion de iS pouces de verre, paiTans de la chaleur de I'eau dans la glace i celle de 
reaubouillantcj cc^uifera 10 touts, ou 6|pourrexpanfion d'l pied. 

Ua tour du Micrometre etantegal a ^tsW de pied, 6| font —i. as .j-^ dfe 

8qoo 

pied =:TSiy de ^uce dans I pied. Et voila precifemcnt cc q^ue M^ smbatoh 

avoit trouve par ies e^cperienccs. Cependant cette eonfoi^mite fia^ulike pourroit 
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be only accidental; for I do not believe that all glafles 
have an equal dilatability by heat. Their dilatability 
often appears different when they are foldered; for it is 
no doubt owing to that, that the parts which are united 
when they are melted, often feparate when they grow 
cold, which does not happen when the glafs is exa(5tly 
the fame. It is poffible, therefore, that this apparently 
exa6t conformity was occafioned by fome comj^nfation, 
rather than by real exa£tnefs. 

I faid before, that the irregularities I obferved, when 
the glafs and the brafe were combined, ware not to 
be attributed to the glafs, and here is a proof of it. 
When I had adjufted the immoveable wire of my Mi- 
crofcope to a ftiarp point which terminated my rod of 
glafs, the water being at the temperatiwe of 10° of my 

Thermo- 



bien n'etre qu^accidentelle; car je ne crois pas que les difFerens ven^ aycnt tous 
nne egale dilatablltte par fe elialeur : 0» ne vdit que trojy fouvent quand cm Ici 
foude, que leura dilatabilites pcuvent etre diflferentes; cai- c'eft fan* doutc parlay 
que 1^ parties reqiiies quand efles font fondues, fe feparent qiielquefois en fe 
refroidilFant; ce qui n'arrive pas quand c'eft cxaaement le meine verm 11 fe 
pourroit done quecette exa£le confbrmiie apparente vint de quelijue compenfa- 
tion plutot que d'une exaditude reelle. 

J%i dit ci-defitts que les irregularites que je'remarquois lorfqutJle verre et le 
l^tort .^toient combini^s, ne devoient pas etre attribuees au verity eteii voi^ 
la preuve. Lorfque j'avois ajufte le fil immobile de mon Micrbfcopc fur uoc 
pointe aigue qui terminoit ma branche de verre, tandis que Teau €toit a la tem- 
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Thermometer, and that, after havmg heated it to 70% r 
brought it back gradually to i o'', the point either re- 
turned exa6tly to the wire, or fo near to it that I could draw 
no concluiionjfrom the fmall difference,againft the regu- 
larity of the return of the glafs to its f^me length in the 
fame temperature. In one of the four experiments it 
returned exa6lly ; in a feeond, L wanted light indeed to 
obferve this laft point, but I could judge from the pre-^ 
ceding fteps that it would be exa(S; in the others, the 
differences would have feemed to indicate, that the 
glafs had retained fome part of its lengthening; but the 
quantity was fo fftiall, that even when it was real, it 
might be confidered as null in practice. 

Glafs confequently is the fitteft fubftance to be made 
ufe of as the ftandard of comparifon in experiments 
upon the comparative dilatabilities of bodies ; fince what- 
ever 



perature de io° de mon Thcrmometre, et qu'apres Pavoir echauffec a 70° je la 
ramenois peu a pen a 10% la pointe revenoit exadement aii fil, ou ii pres, que 
je n'ai pu en tirer aucune confequence centre la regularite du retour du verre a 
fa meme longueur dans la meme temperature, Dansunc des quatre experiences 
il y revint exa£tement; dans un autre le jour me manqua pour obferver ce dernier 
^oint, mais je pus juger par les pas precedetis, qu'il feroit jufte; et dans les deux 
autres les differences auroient indique que le verre auffi avpil; conferv^ un 
peu de fon allongement: mais la quantite etoit ii petite, que lors meme qu'ellc 
feroit reelle, on pourroit la regarder comme nulle dans la pratique. 

Le verre eft done la matiere la plus propre a fervir de terme de comparaifon 
4ans les experiences fur les dilatabilites comparatives des corps ; puifquc les irregu- 

laritea 
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ever irregularities there might be in the ebfervations, 
they would certainly arife only from the bodies that may 
be compared to it, and might for that reafon be more 
eafily afcertained and determined • It has even another 
ufeful property for fuch a purpofe, and that is, its being 
one of the leaft dilatable of all bodies, frona which it 
would almoft always happen that it Ihould be the rod of 
glafs which would be fixed, the other being fhorter; 
which would prevent making ariy changes in the appa- 
tatus. 

Glafs, as I have faid before, would likewife be an ufeful 
fubftance for the pendulum; fince one might depend 
upon the conftancy of the progrefs of its variations by 
heat. It is true, indeed? that its fragility would be an ob- 
jedion to ufing it in common clocks ; but the aftronomer, 

accuftomed 



larites qu'on appercevroit dans Ics obfervations, nt viendroicnt rurcmcnt que des 
corps qui lui feroient compares, et pourroient etre par la plus aifement con- 
ftatees et determ'mees. II a mame encore pour cet ufage une autre proprietc 
utile 1 c'eft d'etre un des moins dilatablcs des corps: par la il arriverolt prefque 
toujours que ce feroit la branclie de verre qui feroit fixee, Tautre etant plus 
courtej ce qui epargfteroit des changcmens dans Tappareil. 
. Le verre feroit encore, comme je Vai deja dit, une matiere precicufe pour ie 
pendulej puis qu'on pourroit compter fur la conftance de fa marchc dans les va- 
riations de la chaleur, Sa fragUitc feroit fans doutc une objedion pour les pcn- 

X 1 1 2 -duks 
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accuftoraed to refpedt hfe clock as well as all hk other in- 

ftrtiments, would not be prevented by this confideration^ 

This regularity of the returns of glafs to the fame 
Ifength by the fame temperature in my four experiments, 
is likewife a proof of the exa6tnefs of the inftrument; 
and if the value of the parts of the Mierometer was well 
afcertained^ one might be fure of the abfolute expanfion 
of the glafs I made ufe of. 

I dare not yet be politive that this is fo, becauife the part 
of the fcrew which meafured thefe expanfions is not the 
fame as that which meafured the parts of my fcale* But 
for an experiment which it ihould be neceiTary t-o make 
only once, it would be eafy to meafure the expanfions of 
the glafs by many parts of the fcrew, in the intervals^ of 
thofe turns which had ferved to me^ure the parts of the 

feale, 



dules ordinaires; mak rAftronome, accoutume a refisecaer fa pendule comme 
tons fes autres inftriuneiis, ne fera pas arrcte pgr cfette confideration. 

Cette regularite des retours da verrc a la memc longueur par la meme tempe- 
rature dans mes quatre. experiences, eft auffi une preilve de Texa^iitude de Tin- 
ftrument. Et fi la valeur des parties dii Micrometre etoit bien d^terminee, oa 
pourroit etre fur de rexpanliQnabfoluedu.verrequej*coipJbyaifc 

Jene puis pas Taffurer encore, parceque la partie de la vis qui mefum ccs 
expanfions, n'eft pas la meme. que celle qui mefuroit les parties de mon cchclle. 
Mais il feroit aif^, pour une experience qu'on ne feroit oblige.de faire qu'une 
fois, de mefurer les expanfions du verrc par plufieurs parties de la vis, dans riii-» 
lervalle de fes tours qui auroit fcrvi i mefurer les parties de Techelle, pour 
7 prendre 
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jTcale, in order, if the refalts iliould happen to be dif- 
ferent, to take a mean of them. In a word, for this one 
meafiire one might nfe all the precautions that are not 
grudged in a fundamental experiment, though one is apt 
to neglect them in common tife. 

The expaniion of a certain rod of glafs might there- 
foi^e be thus determined; and by fixing to it afterwards 
any other fubftance, iri the manner which I have ex- 
plained, one would have, by means of the immoveable 
wire alone, their abfolute expanfibility, free fram any 
fenfible error occafioned from the inftrumentv 

Notwithftanding that the expanlions of the glafs wer6 
regulal* in my experiments, they did not obferVe the fame 
progrefs as my Thenilomete:r in their degrees* Th<^fe 
of the glafs Were always ixicreafing, or its condenfations 

decreafing. 



prendre enfuile le milieu entre les reiultats, s'ilis etoient differens. Eh un mot ou 
pourroit prendre dans cette mefure unique, toutes les precautions qu^on ne re* 
grette p^s dans une experience fondamentale, mais qu'on neglige li aifement dans 
rufage ordinaire. 

On determineroit done ainfi Fexpanfion d'une certalne branche de vcrre, 
d'apres laquelle, en attachant ehfuite a cette branche toute autre matierc commc 
je Tai explique, on auroit, par le fil immobile feul, leur expanfibilite abfolue 
exempte de toute erreur leniifele provenant de rinflrumcnt# 

Quoique les expanfions du vcrre fe trouvaffent regulieres dans mes cxpe-- 
riences, elles ne fuivirent pas la marchc du Thermometre dans leurs degrss: 
cclles dttverre furent toujours croiflantes, ou fcs condenfations deci-oif&nte5, 

comp^« 
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decreafing, comparatively, with thofe of the quickfilver 

in the Thermometer. 

Hayiiiig obfervecl this progrefs of the glafs very clearly 
in my three firft experiments,: I direcSted the laft to the 
purpofe of afcertaining it, and for this reafon I made it 
with the greateft care. I firft of all adjufted the Micro- 
fcope to the point at the extren^ity of the glafs, the two 
wires coinciding, and the water being at 10'': I after- 
wards changed this firft water into warm water of 70% 
and wa^ obiigM to move the moveable wire 7,6 turns 
of the fcrew to reach the point. I then cooled the 
water progreflGlvely by 10° at a time, and thefe are the 
proportions of the condcnfations of the glafs as they 
were marked by the moveable wire rjggreflively, 31, 29, 
;26, 24, 22, 19. Thefe are twentieth parts of the turns 
of the fcrew, the fum of them makes 7,6 turns, by 

which 



comparativement a celles du mercure dans le Thermoiiietre. 

Ayant remarque cette marche du verre d'une maniere tres fenflble dans mes 
trois premieres experiences, je dirigeai la quatrieme vers le but de la determiner, 
ct je Texecutai pour cek avec le plus grand foin. Jajuflai d'iabord le Microfcope 
fur la pointe qui etoit a I'extremite du verre, Ics deux fils coincidant, et I'eau 
etant a io° : je changeaicnfuite cette premiere eau en de Teau chaude ^70*^: et 
il me fallat mouvoir le fil mobile de 7,6 tours de la vis, pour attendrcla pointe* 
Puis . je refroidis Peau de.io° en io°, et voici les rapports des condenfations du 
verre, tels que le fil mobile les indiqua en retrogradant : 31, 29, 26, 24, 22, 19. 
C«-font dcs ao*"® de tours d« la vis; leur fomme fait les 7,6 tours dont la vi« 

s*ctoit 
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Whidl the fcre%v had got forward; and it is this one, of 
my fonr^experiments, in which I faid that the return of 
the glafs to the point from whence it had fet out was 
perfectly exaiit* Thefe nnmbers are fenfibly in arithme- 
tical progreffion; but I do not pretend to infer from 
thence, that this is the trne law obferved by the condenfa- 
tions of glafs, compared with the condenfations of quick- 
filver equal between themfelves; to affirm that, one 
fhould have examined the Micrometer better. It is 
evident, however, that they are confiderably decreafing. 
I muft mention here, why I chofe to obferve the con- 
denfations of glafs in water fucceffively lefs heated, ra- 
ther than its dilatations in water fucceffively more 
heated* It is becaufe by this means I brought the w^ater 
with much more certainty to an uniform temperature. 

If 



s'etoit avancee,; et c'eft celle dc mes quatre experiences ou j'ai dit, que le retour du 
verre a fon point de depart fut parfaitement exad. Ces noitibres font feniible- 
iiient en progreffion aiitlimetiqwe; mais je ne pretends pas en conclure que ce 
foit la la vraie ioi que fui?ent les condenfations du verrcj comparativement a des 
condenfations du mercure ©gales entr^ellesj il faudroit pour cela a?oir mieux 
examine le Micrometre : cependant on voit an moins avec certitude qu'elles font 
confiderablement decroiffantes. 

Jedois faire mention ici de la raifon pour laquelle j*ai prefere d'obferver des 
eondenfations du verre dans Feau fucceffivement moins chaude, plutot que fes 
dilatations dans Feau fucceffivement plus chaude. C'eft que par cette voye 
j'amenois beaucoup plus furement mon eau a un*e temperature uniforme. 

Si. 
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If you pour warm water upon water that is lefs warm, 
whether it be that the firft, being lighter, remains at 
the top, or that heat defcends difficultly in water, or 
from both caufes united, certam it is, that there may be 
furprizing differences between the toi> and the bottom. 
My Thermometer, as I faid before, was hung in fuch a 
manner that the ball of it was near the middle of the rod 
of glafa. When I poured warm water ilowly upon water 
that was lefs warm, it fometimes happened that the 
Thermometer did not vary till I had mixed them. I tried 
to convey warm water to the bottom through a pipe ; but 
it immediately rofe: and if the Thermometer did not 
happen to be upon its afcending ftream, it ftill rofe very 
little, and it was always requilite to ftir the water before the 
Thermometer was fixed. On the contrary, when I poured 

water 



Si Ton verfede l*eau chaude fin- de I'eau moias chaiide; foit que la premiere 
ctant plus legere refte a la furface; foit que la clialeur defcende difficilement dans 
Teau; foit par Tune ct Tautre de ces caufes; il peut y avoir dcs differences de 
chaleur furprenantes entre le haut etle bas, Mon Thermometre, comme je Tai 
dit, etoit fufpendu de maniere que fa boule ctoit au milieu de la hauteur de la 
branche de verrc, Quand je verfois lentement de I'eau chaude fur de I'eau moins 
chaude, il arrivoit quelquefois que le Thermometre ne varioit pas jufqu*a ce 
que je les cuiTe melees. Je voulus effayer de porter Peau chaude dans le fond par 
un tuyau; mais elle s^elevoit auffitot: et fi le Thermometre nc fe trouvoit pad 
fur fon palfage, il montoit peu encore; et toujoursil faiioit beaucoup agiter Tcau 
avant qu'il fut immobile. Au contraire lorfquc je verfois Teau moins chaude 

fur 
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water lefs warm upon warmer water, it was fcarce necef- 
fary to ftir the mixtures before I had done it^ the Ther- 
mometer had almoft q^ite fallen to the point of the 
mean temperature. This therefore is much the fafeft 
method for all operations of this kind. I had already 
experienced it in the comparifon of Thermometers made 
of different liquors, which I have mentioned in my work 
above quoted. 

By operating in this manner I was fureto have given 
the rod of glafs the degree of heat indicated iby my 
Thermometer; and I repeat it^ without alTuring that 
the numbers above written give us the true law of the 
condenfations of glafs comparatively with degrees that 
are equal among themfelves upon the Thermometer^ 
their difference is too great, and too regular not to point 
out a progreffion fenfibly decreafing. Here 



fur Peau plus chaude, je n'avois prefque pas befoin d'agiter le melange; avant 
>quc je Feuffe fait, le Thermometre avoit baiffe prefque entiercment au point de 
la temperature moyenne* 

Cell done la methode la plus fure de bcaucoup pour toutes les operations de 
cc genre. Je ravois deja eprouve dans la comparaifon des Thermometres dc 
diiferentes liqueurs dont j'ai parle dans mon ouvrage cite ci-devant. 

En operant done de cette maniere j'ctois fur d'avoir communique a ma 
branche de verre la chaleur qu'indiquoit mon Thermometre. Et je le repete, 
fans affurer que les nombres rapportesci-delTusnous donnentia vraie loi des con- 
denfations du verre, comparativement a des degres egaux cntr'cux fur le Ther- 
mometre, leur difference eft tropgrande et trop reguliere> pourne pas iadiquer 
une progreffion feniiblemcnt dccroiffante. 

Vol. LXVIir. Mmm ^^"^ 
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Here then is a fecond inftance in thefe experiments 
alone, of the difference there may be between the laws 
that follow in their progrefs different effects of the fame 
caiifes ; an objeil very important in natural philofophy, 
and to the elucidating of which I dedicate the fecond 
part of thia paper.. 

PART 



Ainfi voila le fecond exempic, dans ces experieaces ieules, de la difference 
qu'il pent y avoir en tre les loixque fuivent Ics differens effets des memes caufes;. 
objet imponant ea phyfique,, et auquel j€ dcftine la fecond partie dc ce Memoirc^ 



SECONDE 
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PART T M E S E C O N D, 

Objervations upon phyfical meafures. 

MOST of our phyfical inftruments are meafures of 
eiFefts. The progrefs made iii natural philofophy, en- 
creafes every day the number of thefe meafures ; or ra- 
ther it is by the encreafe of them that natural philofophy 
has been fo much improved within a century, and thst 
it ftill continues daily to improve* In proportion as its 
different branches encreafe or extend themfelves^ vre fee' 
the catalogue of our meters encreafe. Inftead of continu- 
iag to he fatisfied with perceiving, with conjecSturingy 
with forming fyftems upon what is improperly called the 
poflible, and is in fadl the land of vilions, we endeavour 

to 



SECONDE PA R T IE. 

Remarques fur les Mefures phyfiqueu 

LA plupart de nos machines de phyfique, ne font que des mefnrcs d'effets. 
Le perfeaionnement de la Phyfique augmente tous les jours le nombre de ccs 
mefures; ou plutot, c'eft par leur augmentation que la phylique a tant gagne 
depuis un fieclc, et qu'elle gagne encore chaque jour: nous voyons s'accroitre le 
catalogue de nos metres^ a mefure que fes diverfes branches fe developpent et 
s'etendent. Peu contens aujourd'hui d'appercevoir, de conjeflurer, de faire des 
fyftcmes dans ce qu*on appelle improprement le poflible, et qui n'eft que la 
region des chimeres, nous «ntreprenons de decouvrir les caufes par Icurs eiFets, 

M m m 2 ^^ 
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to inyeffigate canfes through their efFe<5ls, by meafuring 
thefe wherever nature gives us a fufficient hold, m order 
not to be deceived by femblances of truth. 

The firft rays of this light, the dawn of all true know- 
ledge in philofophy, were extremely weak. At firft 
philofophers were fatisfied %vith having inftruments 
which indicated the exiftence of certain caufes that our 
organs could either not difcover at all, or difcovered 
very imperfeilly^ Hence tiie modeft names given by the 
firft inventors to their inftruments. They called only 
Barofcopes, Thermafcopes>= Microfcopes, thofe inftru- 
ments which were intended to ftiow the weight of the 
air, the dilatation of bodies by heat, the obje<as which 
cfcaped the naked eye. 

Thefe 



#n mefurant ceux-ci, partout ou la nature nous^onne quelque prife, pour n'etre 
pas trompes par des apper^us, 

Les premiers rayons de cette lumiere, qui etoient Faurore des vrayes connoif- 
fances en phyfique, furcnt d*abord tres foibles. On fe trouva bicn content 
d'avoir des machines qui Mtnt appercevoir furement rexiftcnce de ccrtaincs 
caufes, que nos organes feuls ne pouvoient decouyrir, ou ne decou-vroient que 
tres imparfaitement. De la les denominations raodcftes quq les premiers inven- 
teurs donnerent a leurs mackines. lis n'appellerent que Barofcopes, Thermo- 
fcopes, Microfcopes, leurs inftrumens deftines a montrer, le poids de Pair in 
dilatation des corps par la chaleur, les objets qui echappent a la vue* 

^ Oft 
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Thefe names were too foon changed, in calling mea^ 
Jures what was not yet fuch ; but we every day become 
more delicate with relpedl to the conditions they require ; 
and the progrefs made towards perfe6ting them, are the 
moft efFe6lual fteps which have been made towards the 
knowledge of Nature; for it is they that have given us 
a difguft to the jargon of fyftems, founded upon mere 
hypothefes or deceitful appearances, the confequences of 
which were fpreading f aft into metaphyfics, in which it 
occafioned general confulion.^ 

The improvement of phy fical meafiires does not only 
lead us to a better knowledge of the immediate caufes of 
the efFe£ts thus meafured,,but it affifts us in decompofing 
complex effects, and efpecially in difcovering and deter- 
mining the iimultaneous efFeils which I Ihall hereafter 
name the co-efFe6ts of the fame, caufes. 

When 



On a change trop tot la terminaifon de ces noms etdc bicn d'autres femblables, 
en qualifiant de mefure ce qui ne I'etoit point encore. Mais chaque jour on 
devient plus delicat fur les conditions qu'elles exigent; ct les progress vers leur 
perfedlion, font les pas les plus reels qu'on ait faits vers la connoiffance de la 
Nature: car ce^fontceux qui ont le plus contribue a nous degouter do jargon des 
fyftemes fondes fur des hypothefes ou des apparenees trompeufes^ dont lea cOnfe- 
quences paffoient en foule dans la Metaphyfique, et y boulverfoient touts 

Le perfe^lionnemcnt des Mefures phyfique ne nous conduit pas uniquement 
i mieux connoitre les caufes immediates deseffets mefures jamais 11 nous aide a 
decompofer les effets complexes, et furtout a decouvrir et determiner les elFeta 
fimultaneSj que je nommerai dans la fuite les co^effets des m6raes caufes. 

C^and 
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When from experiments, fometimes very nice, we 
have affured ourfelves that two or more efFe6ts con- 
ftantly go together in certain relations, we may content 
ciirfeives with obferving the moft evident of them, 
and depend upon the exiftence of the others, as if they 
were immediately obferved. This leads us from relation 
to relation to the difcovery of operations of Nature which 
before were entirely hidden : and nothing can be more 
tifeful to man> than fometimes to examine, how he rea- 
foned upon thofe objecSks before he was guided by 
experience. 

Thefe inftances of the conne6lions of efFe6ts,difcovered, 
and afterwards meafured one by the other^ are now be- 
come fo frequent in natural philofophy that it would be 
tifelefstoinfiftupon them : and indeed when oneconfiders 
our phyfical inftruments^ one may fee that the greateft 

part 



Quand par dcs experiences, fouvent tres delkates, nous nous fommes affuref 
que deux ou plulieurs efFets marchcnt toujouirs enfemble dans certains rapports, 
nous pouvons nous contentcr d'obferver le plus evident, et compter fur rexiflence 
des autres comme s*ils etoient immediatement manifcftes; ce qui nous conduit, 
de rapport en rapport, a decouvrir des operations de la Nature, quiavant ccla 
nous etoient entierement voilees : et rien n'eft plus neceflaire a THomme, que 
d*examiner quelquefois comment ii en raifonnoit avant qu'il eut ces fecours, 

Les cxemples dc ces liaifons d'effets, dccouverts, et nicfures enfuite les uns par 
les autres, font aujourd'hui ii multiplies dans la Phylique, qu'il feroit inutile 
d'jnfifter fur cc point: et quand on conlidere meme Tenfemble de nos machines- 

^e 
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p^rt of them are intended only for the difcovery of co* 
efFecSts, by the knowledge of thofe which are more evi- 
dent^ Our fearch after new meafnres has likewife the 
fame end in view. If wc wilh for an Hygrometer, an 
Electrometer, a Photometer, it is lefs with a defign of 
arriving by means of them to a knowledge of the 
abfoltite or relative quantities, of moifture, of ele<Stri€ 
fluid, of light, than to endeavour afterwards to connect 
the perceptible ejEFe<fls of thefe caufes upon our. mea- 
fures, with other lefs evident effects, but which depend 
upon them, either as leparate co-effe(5ts, or as modifica- 
tions of other effe<£l:s. 

With all this the general problem of phy ileal mea- 
fures is a complicated one from the firft otitfet. The 
firft obje<St of all thefe meafures is to know the exiftence 
of a fimple cau£e and of its degrees of intenfity ; and we 

have 



de phyfique, on voit que le plus grand nombre n'eft deftlne qu*a determiner des 
<:o-ej0rets, par la connoiffance de ceux qui font le plus evidens. Laplupart aulE 
dc nos recherches de nouvelles mefures tcndent a ce meme but. Si nous delirons 
nil Hygrometre, un. Elearometre, un Pbotometre, c'eft moins pour connoitre,, 
€n les obfervant, les quantites abfolues ou relatives de Phumidite, du fluidcelec- 
triquej de la lumiere; que pour travailler enfuite a lier les effets evidens de ces 
caufes fur nos mefures, a d'autres effets. moins evidens qui en dependent, ou. 
comme co-effets fepares, ou comme modifications d'autres effets. 

Cependant le probleme general des mefures phyiiques eft complique des fon 
freaueir pas* Connote rexiftence d'une caufe fimple et fes degrcs d'intenfite, 

e& 
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have nothing to eorae at it, but the efFeils which tliis 
caufe produces upon other bodies, which, for the moft 
part, do themfelves comprehend a great number of 
other caufes. We can never therefore, obferve effeits 
abfolutely fimple ; and confequently, fenlible effects 
which are equal amongft themfelves, do not point out 
degrees likewife equal amongft themfelves in the caufe 
to which they are attributed. What, for inftance, are 
our meafures of heat ? The dilatations of bodies. What 
our meafures of the weight of the air? The height of 
the quickiilver in the Barometer* But the dilatation of 
bodies by heat depends upon the nature of bodies, as well 
for its quantity, as for the law of its progreffion by equal 
augmentations of heat; and the effedts of the weight of 
the air upon the quickfilver of the Barometer, are modi- 
fied by the diflFerent degrees of the heat of this liquid, 

by 



eft le premier objet de toutes cos mefutes^ et nous n'avons pour y atriver, que 
Ics elFets que produit cette caufe fur cei tains corps, qui deja eux-memes renfer-- 
ment le plus fouvent une multitude d*autfes caufes. Jamais done nous ne pou* 
vons obferver des effets abfolumeiitfimples; et par cOhf^quent, des cffets fenlibles 
qui font egaux cntr'eux, ne marquent point des degres, auffi egaux entr*eux, 
dans la caufe a laquelle nous les attribuons* Qu'eft-ce par exemple que nos 
mefures de la chaleur? Ce font les dilatations des corps. Qu'eft.ce que la 
mefure du poids de l*air? C*eft la hauteur du mercure dans le Barometre, Et deja 
la dilatation des corps par k cbaleur depend de leur nature, tant pour fa quan- 
tite, que pour la loi de fes prqgr6s par des augmentations egales de k chaleur : et 
Feffet du poids de Fair fur le mercure du Barometre eft modifie, par les diver? 

degres 
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by the nature of the vacuum in which it is fufpended, 
by the attraction of the glafs, by the frr<5lion, perhaps by 
the permeability of glafs to fome particles of that mixed 
fluid to which we give the general name of air, or by 
various other caufes that are equally unknown to us. 
The fame holds true with regard to all other phyfical 
meafures; and this firft ftep of the ladder, by which we 
ftrive to raife ourfelves to the knowledge of caufes, is 
already very difficult to afcertain. 

The fecond, however, is much more fo, fince it de- 
pends upon determining the co-efFe6ts of the fame 
caufes, either in the fame or in different bodies. Thus 
when we fliall be pofTeffed of an Hygrometer, we fhall 
endeavour to find out what efFeds this humor ^ whofe 
prefence and degrees will be indicated by the inilrument, 

produces 



degres dc chaleur de ce riquide^ par la nature du vuidc dans Icquclileft M- 
pendu, par I'attraaion du verre, par Ic frottcment}' etpcut-etre encore par la 
permeabilite du verre a quelqwes particules de ce que nous appellons en general 
Fair, ou par d'^autres caufes qui nous font egalement inconnues. II en eft dc 
meme de toutes les autres niefures phyfiques; et ce premier echellon, par lequcl 
nous chcrchons a nous elever a la connoiiTance des caufe?, eft deja tres difficile i 

Hen affurer. 

Mais le fecond I'eft bien advantage. II confifte I determiner Ic^ co-effets des 
memes caufes, ou dans les memes corps, ou dans des corps difSrcns. Ainfi, 
quand nous aurons un Hygrometre, nous chercherons a favoir quel effet produit, 
fur I'yvoire quis'allonge, fur les fels dont le poids ^ugmente, fur la denfitede 

Vol. LXVIII. N n n i'^« 
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]>rocluces upon ivory which lengthens, upon falts whofe 
weight increafes, upon the denfity of the air which 
varies, upon its falubrity, its refringent power,^ &c. 

But even when this is done, we fliall be embarafled by 
idle degrees of thefe Go-effe£ls; probably they will not all 
.increafe in the fame proportions as the dilatation s^ of the 
ivory, or the augmentations of the weight of an abforbant 
body ; and a great many experiments will be neceffary to 
difcover the laws they obferve by the different intenfities 
of this common caufe. 

It is notwithftanding upon relations of this fort, that 
every thing depends in experimental philofophy and in- 
deed in all true philofophy* Gonfequentiy, the perfect- 
ing the methods of determining thefe relations muii 
be a principal obje6l with all good philofophers. I will 

not 



Fair qui vari*, fur fa iaiubrite, fur fa vertu refringente, cette kumor dont la 
prefence et les degres feront mdiques par I'inftrument, 

Mais alors encore les degres des co-efFets nous enibarralTeront: il ne crpitront 
pas yraifemblablcment dans les memes rapports que les dilatations de Fyvoire, 
ou les augmentations de poids d*un corps abforbaatj et il faudra bien des expe- 
riences pour decouvrir les loix qu'ils fuivent par les diifercntes iaitenfites de cett« 
caufe commune. 

C'eft cependant a des rapports-de ce genre que tout fe reduit dans la phyiiquc 
€xperimentale, et par cela meme dans la bonne phyfique fp^culative qui ne fe 
paye pas de mots. Par confequent le perfe6lionnement des metbodes pour de- 
terminer ces rapports, doit etre undcs objets de la plus grande attention des Phy- 

ficiexis» 
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not enter into the methods which lead iis ftep hy ftep 
Xo the difcavery of the correfpondiiig progreffions of co- 
efFe<£ts of the fame caufes: it would be too difScult to 
generalize them whenever one went %eyond that funda- 
mental principle of all fcience, found logic ; and^ what is 
thebeft prefervative againfl: precipitation, the knowledge 
of the weaknefs of otir organs and of our under- 
ftanding. 

But it is not 'cd ways practicable to trace wl all its 
pointa, the curve that is defcribed by a feries of cor- 
refponding phenomena; and we are often forced to con- 
tent ourfelves with confidering as proportional in alt 
degree of intenfity of the eaufe> fome relatioais that have 
beeo either obferved OT found by experiment. This ex- 
pedient one is likewife often reduced to iti pra(5tice, ia 
order not to complicate proceffes without reafon. Thus, 

for 



ficiens. Je ne ra'arreterai pas a celles qui conduifent \ decouvm pas a pas le« 
inarches correfpondantes dcs co*e^ts des ittemes caufes: II feroit trop difficile dc 
les generalifer des qu*on voudroit alleraudela de ce priticipc fondamcntal de 
tome fcience, une bonne logique; et de ce prefcrvatif contre la ppecipitatiofti 
la connoiiTance de la foiblcfle de nos oirgancs et dt notrfe intelligence, 

Mais il n*eft pas toujours poffible de tracer par tousleurs points,, Icscourbes 
que decrivcnt les fuites des phenomenes correfpondants| et Fonefl fouvent reduit 
a fe contenter de regarder comme proportionnels dans tous les degres d^intenfitl 
de la caufe, quelques rapports obCerves ou trouves par rcxperience. Ceil meme. 
un expedient auquel on eft leplus fouvent reduit dans la pratique, pour n'y pa« 
coHipiiqucr les.procedes fans avantage, Ainfi dans le Pcndttle, comme dans mon 

N n n % Hygrometre, 
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for iirftance, in the Pendulum and in my Hygrometer, if 
one would take notice of the different laws which fol- 
low, in their dilatations by heat, the fubftances whofe ef- 
fects otie means to compenfate the one by the other, be- 
fides the difficulty of finding thefe laws, the application 
might perhaps throw us into mechanical complications, 
that would deftroy all the exa6lnefs we want to pro- 
duce by thefe nleans. 

In general, the fixing of laws is fcarce ^ve^: the firft 
flep taken in new difcoveries. One begins by eflablifhing 
by experiment fome fundamental relations, and one con- 
fider afterwards the correfponding points of the pheno- 
mena as being proportional, till be degrees, overcoming 
the difficulties, one becomes to grow familiar with what 
one ufed to look upon before as ^reat ftrides ; and one 

perceives 



Hygrometre, li Ton vouloit avoir egard aux difFerentes loix que fuivent dans 
leurs dilatations par la chaleur, les matieres dont on chcrche a compenfer les 
ciFets les uns par les autres; outre la dijfficulte de decouvrir ces loix, on fe jetteroit 
peut-etre dansdes complications mecaniques, qui detruiroient toute I'cxaiSlitudc 
qu*on vouloit chercher par ce moyen. 

En general, dans toutes les nouvelles decouvertes, les priwniers pas font rare- 
ment des fixations de Loix, On etablit quelque rapports fondamentaux par Tex- 
perience, et Ton regarde le* autres points correfpondans des phenomenes, comme 
proportionnels a ceux la; jufqu*a ce que, furmontant par degre les obftacles, on 
ibit parvenu a fe familliarifer avec ce qu'on regardoit d'abord comme de grandc 

pas 
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perceives that there are greater fteps that may and ought 
to be made. 

It is iifefiil, therefore^ to confider in what manner one 
might with fome fafety mark out thefe firft Sketches of 
the laws of Nature, by finding the particular relations of 
the co-effe(Sts which might be applied with leaft error to 
proportional fcales. It will be contributing to bring for*^ 
ward the moment in which, feeing clearer into the na- 
ture of things, and having learnt to diftinguifli real 
knowledge from what has only the appearance of it, we 
ihall be led to feek for exatStnefs in every thing. 

Aprac-- 



pas, et a fentir qiTil faut et qu'on peut alkrplus loin. 

Jl eft done avantageux de coniiderer, comment on pourroit tracer avec qiielquc 
furete ces premieres efquifles des Loix de la Nature, en trouvant les rapports parti- 
culiers des co-efFets qui s'appliqueroient avec le moins d*errenr a des echelles 
proportionnelles. Ce fera accelerer le moment, ou, voyant plus clair dans la 
nature des chofes, et diftinguant bien les connoifTances reelles, d'avec ce qui n'en 
a que Tapparencej nous nous fentirons conduits % chercher Fexaftitude par* 
tout. 



M^m 
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A praSiical method of approximation in the determination 
of the co-e£e&s of the fame caufes. 

It haa been tkoiight hitherto, that in order to kflen 
the effects of the errors which are unavoidable in obfer- 
vations and experiments, one ought to look for the rela- 
tions of the co-efFe6ts at the greateft poflible diftances; 
becanfe in that cafe the errors being divided vipon a 
greater fpace, each feparate part is lefs afFe(5ted: by them. 
Thus, in order to find the relation of the dilatations of 
brafs and fteel employed in the Pendulum, one would 
willingly expofe thefe metals to an artificial congelation 
and to the heat of boiling oil, that, by meafuring greater 

lengthenings, 



M<tyen fratiqut^approximatlon^ dans la fixation de$ rapports des co-effets des mime^ 

caufes* 

On a imagine jufqu'ici, que pour diminuer Ics effets des erreurs inevitables 
dans les obfervations et les experiences, il f^lloit chercher les rapports des co- 
cifets auxplus grandes diftances poflibles; parce que ces erreurs fe divifant fur un 
plus grand intervallc, deviennent plus infeniiblcs fur chacune de fes parties, 
C'eft ainli que pour trouver le rapport des dilatations du leton et de Tacier qu'on 
employe au Pendule, on expoferoit volontiers ces m^taux a une congelation arti- 
iiciclle et a la chaleur de I'huilc bouillantcj afin que pouvant mefurer de plus 

grands 
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lengthenings, the imperfection of the meafure might 
become infenfible in the determination of their relation* 
This method is indeed very good to compare with 
each other efFedls, the progreffions of which are propor- 
tioned; and one is right to make nfe of it whenever extent 
or weight is concerned. But it is often very deceitful in 
phyfics : for as the co-efFeits feldom go by proportional 
degrees, the more the obferved points of their relations 
are diftant, the more the deviations become confiderable 
in the intermediate points, when they are conlidered as 
proportional to the whole. It is thus that two different 
curves, which cut each other in two points, deviate the 
more from each other in the fpace comprized between 
the two interfe6tions, the more diftant the points of in- 
terfeition are from each other. Now the correfpondent 
points, taken by obfervation in two feries of phenomena 

which 



o-rands allongemens, rimperfeflion de la mefure devint infenfible dans la fixation 
de leur rapport, 

Cette methode feroit tres bonne pour comparer entr'e'ux des efFets qui aaroient 
des marches proportionnelles ; et on Temploye avec raifon quand il s'agit de I'eten- 
due ou des poids : mais elle eflle plus fouvent fort trompeufe en Phyfique. Car 
des que les co-efFets marchent raremtnt par degres proportionnels, plushes points 
obferves des rapports font diftans, plus les ecarts deviennent grands dans les 
points intermediaires, en les regardant comme proportionnels au rapport total, 
C'eft ainli que deux courbes difFerentes qui fe croifent en deux points, s'ecartent 
d'autant plus Tune de I'autre dans rintervallc* des deux interfedions, que ces 
points de rencontre font plus eloignes. . Or les points correfpondans par obferva- 

1 tlOV\y 
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which follow different laws, are the interfe^ions of the 
curves; and the errors we make in the intermediate re- 
lations when we confider them as proportional, are 
like the deviations of the two curves in the interval of 
the interfedions. 

The effe6l then intended to be produced by taking 
very diftant points of comparifon being, in general, to 
accumulate within the intervals of thefe points the de- 
viations of the laws which happen to be different; much 
will be gained, in thofe cafes in which the laws them^ 
felves cannot be difcovered, by feeking for points of 
comparifon within the leaft diftances that the particular 
obfervations, for which the phyfical meafures are in- 
tended, will allow. 

It is thus that we have happened to have ufed for a long 
time Thermometers of quicklilver and fpirits of wine, 

in 



tion, de deux fuites de phenomcnes qui fuivent des loix differentes, font les intcr- 
feflions de ces courbes ; et Ics erreurs qu'on fait dans les rapports intermediaires 
en les coniiderant comme proportionnels, fontcomme les ecarts des deux courbes 
dans rintervalle des interfeftions. 

L'effet de prendre des points de coraaparaifon fort diftans,ctant done en general, 
d'accumuler dans Pintervallc de ces points les ecarts des Loix qui fe trouvent dif- 
ferentcs, on gagnera beaucoup, dans les cas ou Ton ne pourra pas decouvrir jcs 
Loix elles-memes, a chercher des points de comparaifon dans les moindres 
diftanccs que puifTent comporter les obfervations particulicres auxquelles on 
dcftinerales Mefures phyfiques. 

C*eft ainfi que par hazard on a eu longtems des Thermonietres de 

mcrcurc 
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in which the difference of the progreflions between thefe 
two liquids in thdr dilatations by heat was not obferved. 
Mr. DE REAUMUR'S Thermometer, one of the firft to 
-which one endeavoured to affign fixed points, was too dit- 
iicult in its conftrudion for each Thermometer to be* 
immediately graduated; and indeed the author himfelf 
only ufed his method in making flandards to which the 
Thermometers intended for common ufes were after- 
wards compared. Abl^ nollet, his difciple, who for 
aJong time gave Xk\!t ton for Thermometers in France 
a^d' in the Southern countries, foUbwed his matter's 
method. The only immediate point he marked upon 
his Thermometers was that oi freezings and he com- 
pared them afterwards in water of 30° of that fcale in 
which the real interval between Xh^ freezing and boilmg 
points ought to be divided into about 100''. By this me- 
thod, 



mercure etd'efprit de v*m ou Ton ne remarquoit pas les differences de marclie de 
cesdeux liquidcs. Le Thermometre de M^ de reaumur, I'undes premiers 
auxquels on ait tentc de donner des points fixes, etoit trop difficile a conflruire, 
pour que cbaque Thermometre put etre gradue immediatement. Aiifll Tauteur 
lui-meme n'employoit-il fa metbode qu'a faire des etalons, auxquels il compa- 
roit cnfuitc les Tliermometres deftines auK ufages ordinaires. M-^ I'Abbe 
NOLLET, fon difciple, qui pendant long terns a donne le ton pour les Tliermo- - 
metres, tanten France que dans les pays meridionaux, fuivit la methode de fon 
niaitre: il ne marquplt immediatement fur fes Thcrmometres, que le point de la 
congelation; ct il les comparoit enfuite dansde Teau a 30'' de cette cchelle la, 
ou ioo^ environ, divifoient I'intervalle reel de la congelation a Tcau b^illante. 
Vol. LXVni. O o o Pa^ 
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thod, and at that period in which natural philofophy 
was ftill very inaccurate, one did not obferve the dif- 
ference between the progreffions of fpirits of wine and 
quickfilver; and in fail it was eafy to miftake them. I 
have fliewn it in fpeaking of thefe Thermometers, and I 
Ihall have occafion to fhew it more fully very foon. 

This doubtlefs was a defe(5t, and a very confiderablc 
one, whether we confider that the Thermometer is in- 
tended to indicate degrees of heat, both much larger and 
much fmaller than the interval between thefe 30^; or 
that it is a moft capital inftrument in natural philofophy, 
and as fuch may be ufed in experiments where the leafl: 
defeds may have fenfible confeqwences. For thefe 
reafons I only mention this cafe, as an help for me to 
explain what I propofe to fay upon other inftruments in 

which 



Par ccttc methodc, ct dans ce terns fa ou la Phyfique etoit encore fort peu exa£lc, 
on ne remarquoit pas la difference des marches du mercure et de I'efprit de vin> 
4c I'on pouvoit en efFet s'y meprendre, Je Tai montre en traitant de ces Thcr- 
mometres, et je lemontrcrai plus particulierement bientat. 

'Cetoh la fens doute un defaut, et un defaut tres grand; foit parce que le 
Tlicnnometre eft deftine a indiquer des degres de chaleur bien plus grands et 
bien moindres que i'intervalle de ces 30*^; foit parce que c'eft un inftrument 
fondamental en Phyfique, qui peut etre employe a des experiences ou le moindre 
idefaut aoroit des clFets fenfible*. Aulfi nc rapporte-je ce cas, que pour m'cxpliquer 
^ plus 
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whieh a greater degree of exacSnefs would be either 
nfelefs or impoffible. 

Simple and evident as this principle is, yet, as it often 
happens that obvious ideas do not ftrike, even becaufe 
their being obvious gives them a trivial air, I will 
ftrengthen this by ufeful examples, and one offers itfelf 
to which I have been led by the foregoing. 

Suppofeone wants to know the dilatations of fpirit of 
wine by heat,.in order to have regard to it in effayiug the 
fpirituofity of vinous liquors, which is wont to be eftimated 
by their fpecific gravities ; an article as every one knows 
of much confequence in the brandy trade, and which has 
likewife fome connexion with cliemiftry : I fay, that one 
would make a coniiderable error if, in order to deter- 
mine the relations of the dilatations of the brandy with 
the indications of the quickfilver Thermometer, which 

ihould 



plus aif^ment d'aits ce que jc me propofe de dire fur ccux ou une plus grandc 
cxa6:itude feroit ou inutile ou impofliblc. 

Qwielquc fimple et evidcnte que foit cette r%le, cwntne il arrive fouvcnt que 
les idees fimples ne frappent point, precifement a caufe de leur limplicitcqui leur 
donne un air trivial, je fortificrai cellc-ci pardes exemples utiles. Et en void 
un d'abord, auquel rexemple precedent m'a conduit. 

Je fuj^fequ'on veuille connoittre les dftatations de Tefprit de vin par la cha- 
Icur, afin d'y avoir ^gard dans la mcfure de la fpirituofite des liqueurs vincuCes, 
•ftimlepar leur pcfanteur fpccifiq«C5 objet important au commerce confiderablc 
des caux de vie, et qui interefle auiR la chimie. Jc dis qu'on feroit un grand 
edart, fi, pour determiner le rapport des dilatations de I'efprit de via, avec los 
indications du Thermometre de mcrcure, quiferviroit cnfuite a marquer la tern- 

O o o ai perature 
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flxotild afterwards mark tixe temperature of this liquor, 
one was to take terms very diftant from each other, as for 
inftance the freezing and boiling points; whilll on the 
ether hand, by keeping: within the temperatures in^ 
which the trials fliould be made, one would come fo near 
the truth, that the differences would be imperceptible. 

This inftance, in itfelf ufeful, being proper to be ap- 
plied to every cafe in which we wifh to compare with 
one another phyfical effe6ts which depend upon the 
famecaufe, that we may afterwards judge of them all 
by one, I iliall dwell upon it a little while to give a full 
explanation of it. 

I fuppofe that the experiments intended to eiay 
the fpirituojSty of different liquors diftilled from 
wine, by the fpecific gravities of them, are made be-^ 
tween the temperatures which anfwer to %%"" and 77^ 

of 



pcrature de cette liqueur, on prenoit des termes fort eloignes, comme la eoftgela-^ 
tion et Teau bouillante: tandisqu'au contraire, en fe renfermant dans les tf oi-^ 
p%at«res oh les epraave^ feroient faite% on approcherolt fi fort de ia verite, qaz 
les d'rfirenices fereient impercepilbleSi 

Cet exemple ay ant quelque uti|it6 par lui-mlme, et ponvant etre applique a 
toute forte de eas ou I'on compare entr'eux des effets phyliques dependants d'une 
meme caufe, pour juger cnfuite de tous par un feul, je m'y arreterai afin de le 
mieux eclaircir, 

Je fuppoferai que les experiences deftinees a eprouvfct les degres de fpirituc^fite 
des diverfes liqueurs diftilleesdu vin, par leqr pefanteur fpecifique, fe ferontentr^ 
h^ temperatures qui correfppndent a 3a*' et 77^ fur ie Thermometre de fam- 

RENHEIT 
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of tAHRENHEiT^s Thermometer^ as this takes in all the 
ordinary cafes. The queftion is, to examine which is the 
mofl: convenient method of introducing into this mea- 
fure an eqviation for the differences of the heat; an 
equation I mean which does not occafion ufelefs difficul- 
ties* 

Thefe temperatures 32^'' and 77"^ upon Fahrenheit's 
Thermometer, correfpond with o and 20"^ upon the fcale 
ef which I have hitherto fpoken, in which the boiling 
point is at 80^ and the freezing at o • I fllall fpeak of 
this fcale, becaufe it is the one I made ufe of in my ex- 
periments on the progreffipns of liquors diftilled from 
wine in their dilatations by heat, and of which I have 
giv^n an account in my work abovementioned^'^^, 

(V),V61.L p. 326, 

I fuppofe 



RENHEIT, ce q\3i renfermera tous les cas ordinalres. II s'agit done d'examiner 
quelle fera la route la plus convenable, pour iutroduire dana cette mefure une 
equation pour les differences de la chaleur, equation qui n'occafione pas de trop 
grandes difficultes, fans utilite dans la pratiqpe* 

Ces temperatures 32** et 77** fur leThermomltre de Fahrenheit, correfpon- 
denta o et 20'' fur Fechelle dontj'ai parle jufq'ici, ou Teau bouillante eft a 80° et 
Teau dans la glace a o. J*cmployerai encore cette echelie, parce que c'eft celle 
dont je me fuis fervi dans les experiences que j'ai faites aatrefois fur la marche 
des liqueurs diftilleesduvin, dans leur-s dilatations pour la 'chaieur;= experiences 
que j'ii,rapportees dans mon ouvrage cite.ci-«deffus {d)^ 

(e) Tom. I. p. 3*6.' 
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I fuppofe that, according to the ufual methodi 

feeking for the dilatations of the fpirituous liquor by 
great differences of heat, one was to compai'e its bulk 
in ice that melts and m boiling water, and that not know- 
ing, or mot regarding, the different progreffions of thi^ 
liquor and quickfilver in their refpe6live dilatations^ 
nor the effe(5t which the difference of fpirituofity pro- 
duces in this refpe6t, one Ihould conlider thefe progref- 
iions as proportional. Here are the deviations one would 
be expofed to in the limits of the temperatures to which 
the rule Ihould be applied, I mean between o and 20^. 

The numbers which are placed in the twe columns of 
the fpirituous liquors indicate the proportions of the 
augmentations of their bulks by the temperatures indi- 
cated by the quickfilver Thermometer. I have given to 
the total fcale of thefe proportions the fame number 

of 



Je fuppofe cfaborf que fumnt Flifage ordinaire, cherchant les dilatations cfe 
fe liqueur fpiritueufe par dc grandes difFercnces dc chaleur, on comparat fa 
volumes dans la glace qui fond ct dans I'eau bouillante; et qu'ignorantou negli- 
geant la difference de marche de cette liqueur et du mercure dans leurs dilata- 
tions, ainfi que Teffet que produit meme a cet igzrdlz difference de fpirituofitCj^ 
on regardat ccs marches eomme proportionelIes,| voici les ecarts dans leiqudi 
on tomberoit, dans les Itmites des temperatures ou Ton appliqueroit la regie ;- 
€*cft a dire de a a 2,0% 

Les nombres places dans les deux colonnes des liqueurs ipiritueuies, marqucnt 
les rapports de leurs augmentations de volume par les temperatures indiquees fur 
l« Thermometre dc mercure, J'ai donne a rechelle totale de ces rapports le 

meme 
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of equal parts as to the Thermometer, in the fame inter- 
val of temperature, in order that their diflferences within 
this interval may be vilible without calculation. 



Quickfilver Thorm, 


Spirit of wine which Brandy, of % partt 
fires gunpowder. ^Qgm and 3 of this 
fpirit of win^. 


80 


80 «0 


20 


^6,s is,9 


IS 


12,2 11,8 


ID 


7,9 7,7 


S 


3,9 3,8 








One fees what deviations in general arife from the 
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apply 



mcme nombre de parties egales qu'a celle du Thermometre dans le meme inter- 
valle de temperature, afin que les differences en dedans de cet intervalle s'apper- 
l^oivent a l*oeil fans calcul. 
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On voit^uels ccarts refultent en geiieralde la dift^c dc$ poiati de compa- 
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apply them to the temperatures in which one precifely 
wants, the moft exa6t proportians* One likewife may 
fee that the difference of fpirituofity only, occaiions very 
fenfible ones in the progreflions of the two fpirituous 
liquors, and that confequently one would commit a dou- 
ble error, if one were to confider the intermediate rela* 
tions as proportional to the total relation^ eftabliflied 
between quickfilver and oiie of thefe liquor^ only by 
obfervations made in very different temperatures. 

If, on the contrary, the fundamental experiments had 
been made at the probable limits of the obfervations, 
that is at o and at 20° of the Thermometer, having then 
the real dilatation,betweeiii thefe two temperatures, of the 
fpirituous Hquor which ferved for the experimentj^ there 
would be only thefe fmall deviations, expreffed by the 

comparifon 



Taifon, quand on vient a les appliquer zux temperatures qu Ton avoit befoili 
precifement des rapports les plus exacts. On voit auffi que la difTe'rence feule de 
ipirituolite, en produit de tres fenfibles dans la marche des deux liqueurs fpi- 
ritueufes; et que par confequent ont tomberoit doublement dans Perreur, en 
regardant ces rapports- intermediaires comme proportionnels an rapport total, 
vCtabli entre le mercure et une feule 4e ces liqueurs par des obfervations a de 
grandes diierences de temperature. 

Si an contraire on eut fait les experiences fondamentales aux limites probables 
des obfervations, c'eft a dire a et a 20*^ du Thermometre; ayant alors la dila- 
tation reelle, entre ces deux temperatures^ de la liqueur fpirltueufe qui eut fervi 
a Texpirience^ on n'attrQi£il<;raindre c|ue lesicart^ eii^primes par k$ rapports de« 

nombr^ 
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ccwnparifon of the following numbers, in which the total 
dilatation of the fpirituous liquors is again divided into 
the fame number of equal parts with that of the quick- 
filver in the Thermometer* 



Therm. 


Dilat of fpirit of wine. 


Dilat. of brandy* 


20 


20 


20 


IS 


14.8 


14,8 


10 


g,6 


9i7 


5 


4.7 


4,8 












The feries of numbers which exprefs the dilatations of 
the two fpirituous liquors remain in the fame proportions 
;ls in the firft cafe, and confeqiiently this is always the re- 
fmlt of the experiment. But thefe proportions come al- 
ready 



nombres fuivans, ou la dilatation totale des liqueurs fpiritueufes eft encore di- 
vif^e en un meme nombre de parties egales, g^ue celle du mercure dans Ic Tker- 
mometre, 

!rhe»m. Dllat. dt rcfprk ac vlsi. Dilat. de I'cau dc Tie. 

ao ^o ^o 

1$ 14,8 i4>8 

10 qfi 9^7 

o o ^ 

I»cs fuites des nombres qui expriment les dilatations des deux liqueurs fpi- 

rltueufes reftent dans les memes .rapports que dans le premier casj et par confe- 

quent c'eft toiijours le refultat de rexpwience. Cependantces rapports font deja 

Vol. LXVIII. Ppp ^^P^'^^ 
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ready fo near to the progreiHon of the qiiickfilver Ther- 
mometer itfelf, that the efFe<ft of the differences of the 
fpirituofity almoft entirely vaniilies; fo that there would 
be little error in taking as proportional to the total aug- 
mentation of bulk at i20° of a certain liquor diftilled 
from wine, the intermediate dilatations of every other 
liquor of the fame kind. 

It is poffible, however, ftill to leffen thefe errors, with- 
ou.t having more than two terms of comparifon by ex- 
perience, by taking thefe terms within the limits of the 
probable obfervations, and that for two reafons. The 
firft^ that the more numerous obfervations will probably 
be made nearer the points where true proportions have 
been found by experience. The other, that the greatefl: 
deviation will be ftill more leflened, by throwing part of 
the errors beyond the two real points of comparifon, in 

order 



fi pres de la marehe du Thermometre meme, que TefFet des differences de fpi* 
rituoiite s'evanouitprefque entierement; et qu'il y auroit peu d'erreur a regarder 
comme proportionnelle a I'augmentation totale de volume a 26° d*une certaine 
liqueur dillillee du vin, les augmentations intermediares de toute autre liqueur 
du meme genre. 

On peut cependant diminuer encore ces e^Teurs, fans avoir plus de deux tcrmcs 
decomparaifon par Texperience, en prenant ces termes en dedans meme des limites 
des obfervations probables; et cela par deux confiderations. La premiere que let 
obfervations les plus nombreufes fe trouveront probablement plus pres de« vrais 
rapports £xes par rexpcrience; I'autre que leplus grand «cart diminucrft encore. 
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ofrder to leffen the accumulation of them within thefe 
points. 

If, for inftance, inftead of ohferving from o to 20** 
the increafe of the bulk of the fpirituous liquor which 
is to ferve as a rule, one obferves it from 5° to 15% one 
will have the following proportions, in which the pro- 
grefiion of the two liquors ftill continue within their reai 
proportions, as I Ihall ftiew in the fequeU 

Therm. DilaU of the fpirits of wine. Dilat. of brandy. 



ao 


20,a 


ao,i 


15 


15 


/^5 


io 


9,8 


9>9 


S 


5 


5 





0,3 


0,3 

It 



€n rejettant une partie des erreurs au dela des deux points reels de comparaifbn, 
pour en diminuer l*accumu!ation entre ces points* 

Si par exemple, au lieu d'obferver de o a 20'' TaugnEientation de volume de la 
liqueur fpiritueufe qui doit fervir de regie, on robfervc de 5** a 15% on aura les. 
rapports fuivans, ou les marches des deux liqueurs reftent encore dans Icurs pro- 
portions reclies, ce que je montrerai dans la fuitc. 

Therm. Pikt. 4e Vefprit de via. DUat. dc I'eau de vie. 

20 20,a 20,X 

1$ n ^B 

5 S 5 

o 0,3 0,3 

P p p a On 
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It is evident then, that there is no Ibnger any fenlible 
eri'or arifing from the differences of fpiritiiofity, which 
is already a capital advantage in the cafe propofed as an 
example; in which, fince what one wants to know is the 
degree of fptrituofity of a liquor, one cannot fiippofe it 
known before hand, in order to have regard to it in 
feekihg for it. One likewife fees in general, that there is 
fcarce any error to apprehend, even in confidering the 
augmentation of the bulk of thefe liquors, or the dimi-- 
nution of their ipecific gravities, as being proportional to 
the indication of the quickfilver Thermometer. 

Here is then tne method in which, according to this 
principle, I would conftru£t the comparative Areometer^ 
that is fuch a one as might be made the feme every 
where. I chufe this example becaufe it will afibrd me 
other applications of the general rule. , 

ProjeSi 



On voit done qu'il n'y a plus d'erreur fenfible refultante des dijfFerences de 
fpiiituofite; et c'eft d*abord un avantage capital dans le cas propofe pour exera- 
f\^^ oil, cherchant a connoitre le degre de fpirituofite d'une liqueur, on nepcut 
pas la fuppofer d'avance pour y avoir egard en la mefuraijt. On voitauffien 
general, qu'il n'y a prefque plus d^ierreur a craindre, meme en regardant I'auo-- 
mentation de volume de ces liqueuns, ou leur diminution de pefanteur ipecifique, 
comme proportionnelles a Findication du Thermometre de mercure. 

Voici d'apres ce principe, comment je conftruirois TAreometre codiparable; 
c'eft-a-dire celui qu'on pourroit faire de memepartout. Je choiiis cct exemple 
parcc qu'il me fournira encore d'autres applications de la regie. 

id 
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FrojeSi of a comparable AreomeUr^ 

I wotild ufe an Areometer of the moft common con- 
ftruftion^^'^. It is an inftrument nearly refembling the 
glafs of a Thermometer; that is, a tube with a hollow 
ball at one end. The property of this inftrument is, that 
it finks the deeper into liquids, the more their fpecific 
gravity decreafe. But that it may become a common 
meafure of this fpecific gravity, certain fixed points and' 
determined degrees miift be afcertained upon it. 

I would make this Areometer of glafs, as being the 
fubftance which undergoes the leaft change of bulk by 
heati and the changes of which are the moft regular, at 

(^ See fig. 3^. and its explanation. 

leaft 

Mk iun Areonietre comparahk* 

J'emploierois la forme d'Areometre qui eft la plus commune f/J. C'eft ua 
inftrument a peu pres femblable au verre d*un Thcrmometre, c'eft a dire com- 
pofe d'une boule creufe, et d'un tube qui lui eft. joint. La propriete de. cet inftru-. 
mcnt eft de s'enfoncer d*autant plus dans les liquidcs, que leur pefantcur fpecl- 
ftque eft moindre. Mais pour qu'il devienne une mefure commune de cette pe- 
fantetir fpecifique, il faut qu'il ait des points fixes et des degres determines. 

Je le ferois de verre; comme etant la matiere qui eprouve le moins de change- 
«ient dans fon volume par la clialeur, et dont les changemens font les plus regu-* 

(fj Voyea U fig. 3. ct foa explicauon. 

lierst 
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leaft of all the fubftances which are not affe6led by hu- 
midity. I would always ufe flint-glafs, that its changes 
in this refpeit might be more uniform in all the Areo- 
meters. 

Its ball ftiould be one inch and an half in dia- 
meter, and there Ihould be at the bottom of it a little 
hollow cylinder, which lliould communicate with it, and 
contain the ballaft, in order that it might be able to keep 
upright, at the other end, a branch fo much the longer; 
which will be eafily underftood. This ball Ihould not be 
very thick, any more than the fuperior branch on which 
its diviiions ihould be marked. The different thicknefles 
of this branch, that is, its different external diameters, 
will produce the different fenfibilities of the inftrument* 
The lefs the diameter will be, the more will the Areome- 
ter 



Jiers; du moins entre les matieres que Phumidite ri'afFe£te pas, Ce verre ferolt 
toujours le fiint-glafs, afin que fes changemens a cet egard fulTent plus uniformes 
dans tous les Areometres, 

Je donnerois a fa boule un pouce et demi de diametre: et clle auroit a fon 
fond un petit cylindre creux qui communiqueroit avec elle, et renfermeroit le 
left 5 afin de pou voir maintenir de bout, au cote oppofe, une branche d'autant 
plus iongue ; ce qu'on fentira aifement. Je ferois cette boule pcu epaifle, ainfi 
que le tube fuperieur, ou la branche fur laquelle les divifions devroient etre mar- 
quees. Les differentcs epaifleurs de cette branche, c'eft a dire fes differens dia- 
, metres exterieurs, feront les differcntes fenfibilites de rinftrmncnt: pltis fon dia- 
meter 
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ter fink by an equal augmentation of the fpirituofity of 
the liquor. 

Unlefs the branch be perfe6lly cylindrical, the mea- 
fure would be irregular. It may be a thin brafs tube fil- 
vered over, or a filver tube, cemented to the ball of glafs. 
Such metal tubes are eafily drawn through holes as 
wires; fo that one might be fure to have them cylindri- 
cal. The dilatation of that tube by heat, befides that it 
is too inconfiderable to be taken notice of, would com- 
bine itfelf with that of the liquor, of which I fhall fpeak 
hereafter. 

I would ballaft the inftrument with quickfilver, in or- 
der to have it always ftand upright in the fame manner ; 
and of this I would put in fuch a quantity that the moft 
fpirituous liquor, being heated as much as it can be in 

the 



metre fera petit, plus F Areometre s*enfoncera pour une meme augmentation de 
Ipirituofite de la liqueur. 

Cette brancbe devroit etre parfaitement cylindriquc; fans quoi elle intro- 
duiroit de Tirregularitc dans la mefure. On poun a la faire d'une tube de cuivrc 
argente ou d'argent, fort mince, cimente avec la boule. On fait fort bien ces 
petits tuyaux de metal a la filii^re; ainfi on feioit fur de les avoir cylindriques; et 
quant a I'effet qu'y produiroit la chaleur, il peut etre compte pour rien. D'ail- 
leurs il fe combinera avec celui que produira cette caufe fur la liqueur, et dont jc 
parlerai ci-apres. 

Jc leflerois I'inflrument avec du mercure, pour qu'il fe tint toujours de bout 
de la meme maniere; et je I'y n\ettrois en telle quantite, que la liqueur la plus 
fpirltueufe, echauftee autant qu'elle pourra Tetre dans les experiences, laiifaten- 

foncex 
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the experiments, may let the Areometer fink nearly to 
the top of its branch. This branch fhould at the fame 
time be long enough that the lefs fpirituous liquors, 
wine for inftance, reduced to congelation, may let a fmall 
part of it be immerfed* 

The inftrument being thus prepared, I would take 
fome weak fpirit of wine dilated with one part of 
water on fix parts of fpirits of wine which fires gun- 
powder or linen which is fteeped in. I would then 
determine the fpecific gravity of this Ipirit of wine at 
the temperature of lo'' upon ray Thermometer, or 54^1 
of fahrjenheit's, by means of a very nice hydroftatical 
balance. This liquor, undetermined at firft, and which I 
flaould call only weak fpirit of wine, on account of the in- 
termination of the fpirit which burns linen, will be de- 
termined as foon as a firft Areometer fhall have been 

conftru6led 



tbncer PAreometre jufques prts du haut de fa branche ; qui devroit etre en meme 
terns aiTez longue, ponr quo la liqueur la molns fpirltueufe, le vin par excmple, 
reduit a la congelation, en laifsat encore enfonccr une petite partie. 

L'inflrument ainfi prepare, je prendrois un e(prit de vin foible, compofe d'l 
partie d'eau fur 6 parties d'efprit de vin qui brule la poudre, ou qui enflamme Ic 
linge dont il eft mouille. Je determinerois la pefanteur fpecifique de cet efprit 
de vin, tandis qu'il feroit a la temperature io° de mon Thermometre, ou 54I** 
de celuide FAHRENHEIT, en employant pour cette determination une balance 
hydroftatique fort delicate. Cette liqueur, d'abord indeterminee, et que j'ap- 
pellerai feulement e{prit de vin foible, a caufe de Tindetermination de I'efprit de 
vin qui brule le linge, fera detcrminee des qu'on aura fait un premier Areometrc 

par 
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conftru6led on this plan* It will be then a fpirit of wine, 
which, in the aforefaid temi^ratnre, being eflayed by 
the hydroftatic balance, will weigh fo mnch a cube 
foot: and every inftmment-maker, who fliall undertake 
to a>nftru£l fuch Areometers, will be obliged to begin by 
compofing this fixed liquor by the help of the hydiu- 
ftatic balance, in order to conftnift his ftandard. And 
indeed all I have farther to fay njKm the conftrii6tion 
of the fcale of this inftrtiment, relates merely to a ftan-^ 
dard, to which the Areometers in nfe may be compared 
in order to form a fcale* 

For this ptir|K>fe they may be dipped fucceflively in 
twoliqnids of very different fpecific gravities, and fuch that 
the ftandard may indicate thofe fpecific weights by whole 
numl^rs of degrees, the difference of which may admit 
of a divifion into thqtiot parts: it will be very eafy fo to 

modify 



par cctte mltliodei ce fert de fefprit de ¥ in, qui, ctant a la temperature M- 
dite, et ifmm^ I k balance hydroftatique, pefera tant par pied cube. Dts lors 
tout faifeuf d*iniruiiiens qui wudra conftruire originaleraent des Areomi tres, 
dcvra premierement coinpofer cette liqueur, par Pepreu¥e de la balance hydro- 
Unique, pur conftruire fon etalon. Car tout ce qui fuit ne regardera plus en 
^t qu*on Imlon, auquel les Areomctres d'ufage feront fimplement compares 
jKmr formtr leur Icbelle, 

A cet effet on les mettra fucceffif emcnt enfenaiblc dans deux liqueurs de pefan- 
tcur fpecifique fort differentcs, et ttlles que Petalon indiquc ccs pefanteurs fpeci- 
"fi^es pr des nombres entiei^de degres, dont It difference foit fufceptible d'etre 
iivifle en parties aliquotes, B fera fort aife de compofer ces deux liqueurs par 

¥01.. LXViiL ♦ aq q ^ 
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modify thofe two liquids by mixtures. And when the 
two points at which the intended Areometer ftands in 
the two liquors, fliall be marked upon it, the interval 
bet w^een them may be divided into the number of degrees 
indicated by the ftandard. Here the two points of com- 
parifon cannot be too diftant from each other, at leaft if 
the tubes of the two compared Areometers are cyHndri- 
cal ; for then their intermediate immerfions will always 
be proportionate to the obferved immeriions. I point out 
this, in order to give an example of the inftances in 
which the confiderations, that are the object of this part, 
do not take place. It is the fame as that in which Ther- 
mometers made of the fame liquid are divided by com- 
parifon, 

I return to the ftandard Areometer. I would dip 
it into this known ipirit of wine^ whilft it is at 

the 



des melanges: et quand on aura marque fur I'Areometre a conftruire les deux, 
^joints ou il fe fera tenu dans les deux liqueurs, on en divifera Tintervalle dans le 
meme norabre de dcgres indique par I'etalon. Id les deux points de comparaifon 
ne fauroient etre trop dliftans Tun de Tautre; fi du moins les tubes des deux Areo- 
-metres compares font cylindriques: car «lors leurs enfoncemens intermediares 
feront toujours proportionnels aux enfoncemens obferves, Jc le fafs remarquer 
pour donner un exemple des cas ou les confiderations qui font Tobjet de cctte 
.partie n^ont pas iieu. C*eft le meme que celui ou Pon divife par comparaifott 
des Thermometrcs faits d'lin meme liquide. 

Je reviens a FAreometre etalon. Je le plongerois dans cet eiprit de vm connu, 
tandis qu'il fcroit a ia temperature fixee; ct jc onarquerois avec im fil fur fa 

branchej^ 
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the fixed temperature, and would mark upon its branch, 
with a thread, the point to which it finks : afterwards I 
would mix three parts of water with feven parts of 
this fame fpirit of wine, to make a fort of brandy ftronger 
than the common; it w^ould be the three-fifths of Lan- 
guedoc, which confifts of two parts water and three 
parts fpirit of wine that fires gun-powder. I would again 
dip the Areometer into it, at the fame temperature, and 
w^ould likewife mark this new point with a thread. 

One may fee that, according to the principle I have 
above eftablilhed, I take points of comparifon which are 
within the limits of the greateft and fmalleft fpirituofity 
of the liquors to be tried, in order to obtain a fcale of 
equal parts, free from any fenfible error : and in this cafe 
that precautbn is very neceflary ; fcwr the degrees of fpi- 
rituofity 



branclie, le point ou il s'enfonceroit. Puis je melerois a 7 parties de cet efpric 
de vin, 3 parties d'eau, pour en faire una eau de vie plus forte que I'eau de vie 
commune; ce feroit le /r^iV quinU de Languedoc, qui doit etre 2 parties d'eau 
fur 3 parties d'efprit de vin qui brule la poudre. J'y plorigerois de nouveau 
r Areometre dans la meme temperature, et je marqucrois aufli ce nouveau point 
pgr unfil. 

On voit que fuivant le principe que j'ai etabli ci-devant, je prends des points 
de comparaifon en dedans de la plus grande et de la moindre fpirituofite des 
liqueurs qu'on eprouvera, pour obtenir une echelle en parties egales, fans erreur 
fcftiible: et cela eft bien neceffalre ici 5 car les degrfa de fpirituofite ne fuivent 

Q q q 5t pas 
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rituofity do not follow thofe of fpecific gravity, as I fliall 

explain hereafter. 

The points thus indicated upon the branch, having 
determined principles, will be the fixed points of the 
Areometer. The interval between them Ihall be divided 
into 30 equal parts, each of which will reprefent ~th of 
the total efFecSt of the added water upon the fpecific gra- 
vity of the liquor. The fequel Will Ihew, that it is 
equally for the conveniency of trade, and of the work- 
man who Ihall divide the fcale, that I have chofen this 
number. 

I fuppofe that the ftandard will be conftruited in fuch 
a manner, that the difference of the finkings fliall be 
confiderable enough for this purpofe, which may be ob- 
tained by making the branch thin enough. One may 
afterwards, if it be thought fit, for Areometers of com- 
mon 



pasceux de pefanteur fpecifique, commeje ledirai ci-apres. 

Les points indiques ainli fur la branche, ayant des principes determines, feront 
les points fixes de rAreometre. On en divifera Tintervalle en 30 parties, qui feront 
des 3o'»«*de I'efFet total de Teau ajoutee, fur la pefanteur fpecifique de la liqueur. 
On verra dans la fuite que c'eft autant pour la commodite du commerce, que pour 
celie de Touvrierqui divifera I'echelle, que j'ai choifi ce nombrede parties. 

Je fuppofe que Ton conflruira I'etalon de maniere que la difference d'enfonce- 

ment foit alTez grande pour cet effet; ce qu'on peut obtenir en faifant la branche 

aifez mince. On pourra enfwte fi TonTCUt, pour les Areometres d'ufage peu 

^ delicat. 
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mon life, and in which it is not neceffary that the branch 
fliould be fo long, divide the fundamental interval into 
1 5 parts, which will then be double degrees. 

Having in this manner fixed points and determined 
degrees npon the Areometer, the next thing is to chnfe a 
convenient place for the o of its fcale; and the beft will 
be that by which all the effays of the liquors fhall be ex- 
preffed with the fame lign. To effe(5t this, one may take 
one of the wines of which brandy is molt commonly 
made, and, reducing it to the temperature of water in ice^ 
dip the Areometer in it, obferving how much higher it 
will ftand than the inferior fixed point. This excefs of 
emerfion, compared with the fundamental fcale^ and re- 
duced to the neareft number of degrees which will be an 
aliquot part of it, will be a proportional quantity fixed 
for ever, which will be added to the fcale below the in- 

feriojp 



delicat, et ou Von ne voudra pas la branche {1 longvie, divifer I'intervalle fonda* 
mental en 15 parties, qui feront alors des doubles degres^ 

Ayant ainfi des point fixes et des degres determines fur FAreometre, il faut 
clioifir une place commode ponr fon zero j et le mieux eft de le placer de maniere 
que toutes les epreuves des liqueurs puiffent etre exprimees avec le meme figne. 
Pour cet effet on pourra prendre un des vins done on fait le plus communement 
Teau de vie, et le reduifant a la temperature de Feau dans la glace, y plonger I'Are- 
ometre, obfervant decombien il s'enfoncera de moins que le point fixe inferieur. 
Ce furplus d'emerfion, compare a Fintervalle fondamental, et reduit au nombre 
le plus prochain de degres qui fe trouvera une partie aliquote de cet intervalle^> 
fera une quantite fixee pour toujours, qu'il faudra ajouter a Pechelle au deflbus 

dn 
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ferior fixed point, and determine the place of o. Ifup- 
pofe, for inftance, that this excefs of emerfion fliould be 
about 15% or the half of the fundamental fcale: I would 
then fix it at this number; and in that cafe one fhould 
eonftantly add half the fvmdamental dillance below the 
inferior fixed point, and from thefe begin to count the 
degrees. I mean that the o would be at the bottom of 
the whale fcale, the inferior fixed point would be at 1 5°, 
the fuperior at 45"^, and the feale could be prolonged at 
the top as much as fliould be neceflary for the eflays of 
the moft ipirituous Uquors. It is after this manner that 
the o of Fahrenheit's Thermometer is now deter- 
mined; and that being placed at sa"" below the inferior 
fixed point, the greater part of the obfervations are ex- 
prefled upon it in pofitive degrees ; fo that it is only in 
extraordinary cafes that they are afFe6ted with the minus 

fign. 

4u point fixe inferieur. Je fuppofe par excmple que ce furplus d*emeriion fe 
trouvat depresde 15% ou de la moitie de Fechelle fondamentalle; je le fixerois 
a ce nombre ; et ainfi j'ajputerois toujours une moitie de rintervalle fondamental 
;au deflbus da point fiiiQ inferieifr, pour commencer de la a compter les degree 
de I'echellc. Ainfi le o feroit tout au bas, le point ^XQ inferieur feroit 
a 15°; le point fixe fuperieur a 45°; et rechelle feroit prolongee dans Ic 
liaut autant qu'il feroit necelTaire pour fournir a Feffai des liqueurs les plus 
fpiritucufes. Ceft ainfi que le zero du Thcrmometre de Fahrenheit eft 
^ prefent determine, ct que fe trouvant ainfi place a 32° au deiTous dii point fixe 
inferieur, la majeure partie des obfervations y efi: exprimee en degres pofitifs; ct 
gu'il faufcdes cas cxtraordinaircs paur qu'cUes ibyent accompagnees dufigne 
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fign. It would be convenient to pay a regard to this in 
all inftruments, when no other reafons interfere, 

I come now to the correction for the differences of th« 
heat, I would take a liquor of mean fpirituofity, as for 
inftance a mixture of one part of water and feven parts of 
the fpirits of wine determined by the hydroftatic ba- 
lance: into this liquor, reduced to the temperature of 45** 
of FAHREii^HEiT, I would plungc the Areometer already 
graduated, and obferve the point to which it finks, I 
would afterwards heat the liquor to 6 5 ""5 and again ob- 
ferve the finking of the Areometer. One might likewife 
make ufe of the fcale of my Thermometer, and obferve 
the finkings at 5 and 15 of my degrees, which would 
xome fenfibly to the fame, 

Thi^ 



mms, II feroit commode d'avoir egard a cela dans tous les inftrumens, quand 
rien d'allieurs ne s'y oppofe. 

Je viens a la corre^ion pour les differences de la chaleur. Prenantune liqueur 
de fpirituolite moyenne, comme par cxemple le melange d*i partie d*€au a 7 
parties de I'efprit de vin fixe par la balance hydroflatique, Je plongerois TAreo* 
metre, deja gradu6, dans cette liqueur reduite a la temperature de 45° de Fah- 
renheit, ct j'obferverois le point ou il s'enfonceroit: j'echaufferois cnfuite la. 
liqueur a 65°, et j'y obrerverois encore Tenfoncement de FAreometre. On pour- 
roitaufli, en employant rechelle de mon Thermonietre, obferver les enfoncc- 
.mens a 5 ct a 15 de mes degres, cequi reyiendroit fehfiblement au meme. 

Cette 
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This obfervation being made, one may conceive that 
it would be eafy to form a table in which one might ex-^ 
prefs, in degrees of the Areometer, the effe<Sts of the 
differences of heat corr^fponding to each degree of one 
or other of the Thermometers, fetting out from a fixed 
point; fince the effect correfpondent to each degree of 
the Thermometer, will be looked upon as proportionate 
to that which ftiall have been found in the fundamental 
obfervation. 

But I would prefer another method, which I have re- 
commended in my work^^'', becaufe I have found it of 
great ufe in practice; that is, to make a particular fcale 
for the Thermometer intended for thefe experiments, by 
changing the number of the degrees contained between 

(g) Vol I. p. 390. 

the 



Cette obfervation fake, on comprend qu'il feroit aife de former une table, dans 
laquelle on exprimeroit, en degres de I'Areometre, les effets des differences dc 
chaleur, correfpondans a chaque degre de I'un ou de Tautre des Thermometres 
a partir d'un point fixe; car I'effet correfpondant a chaque degre du Tlierm- 
ometre, fera regarde comme proportionnel a ceiui qu'on aura trouve dans Fob- 
fervation fondamentele. 

Mais je prefererois une autre methode, que j'ai recommandee dans inon 
cmxzgt(g)^ parce que je Fai trouvee d'une tres grande commodite dans la pra- 
tique; c'eft de faire une echelJp particuliere pour le Thermometre deftine a ces 
Ipreuves^ en changeant le nombre des degres renfermes entre fes points fixes, 

(gj Tom. I. p. 390. 

pour 
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the fixed points, in order to eftablifh an eafy propor- 
tion between them, and the degrees of the Areometer, 
and that thus one might make the correction without 
tables. It would be eafy, for inftance, to make the degrees 
of the Thermometer anfwer to quarters of degrees of 
the Areometer; for in that cafe, reckoning them from 
a fixed point, one would only have to correcSt the ob- 
fervations made upon the Areometer, by a quarter of the 
number of degrees indicated upon the Thermometer, 
which feems to me very convenient: and as it is always 
eafier to add than to fubtra6t, I would place the o of this 
Thermometer at the point of the greateft ordinary heat 
of the air, or about %j^ of my Thermometer, and 86° of 
Fahrenheit's: for then, reckoning the degrees of th@ 
Thermometer downwards, one Ihould only add them to 
the indication of the Areometer ; fiixce the cooling of the 

liquor 



pour qia'ils euflent un rapport iimple avec ccux de I'Areometre, et qu*on put 
ainfi fe paiTer de tables. II feroit fort aifc, par exemple, que les degres du Ther- 
mometre correfpondiiTent a des quarts de degres de rAreometre; et alors, les 
comptant depuis un point fixe, on n'auroit qu'a corriger I'obfervation faite fur 
TAreometre, par le quart du nombre des degres qu*indiqueroitleThermometre; 
ce qui me paroitroit fort commode. Et comme il eft toujours plus aife d'addi- 
tionner que de fouftraire, je placerois le zero de ce Tliermpmetre au point de la 
plus grande chaleur ordinaire de Pair, c'eft a dire aux environs de 24"^ de mon 
Thcrmometre, ou 86® de Fahrenheit; car alors, comptant les degres du 
Thermometre en dcfcendant, il faudroit les ajouter a I'indication do TAreome- 
Vox. LXVIIL R r x trej 
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liquor from this fixed point of temperature would leflen 
the ejffedl of the fpirituolity in the immediate indication 
of the Areometer, comparatively with what it fliould be 
found at this determined point* 

I have here alfo taken, for the conrparifon of the indi- 
cation of the Thermometer with the denlity of the fame 
liquor differently warmed, terms which are within the 
extremes of the common obfervations, becaufe here feve- 
ral caufes are combined in the fame effecft. i • The pro- 
greffion of the dilatations of fpirituous liquids compara- 
tively to quickfilver. 2 • The different progreffions of the 
liquids of different degrees of fpirituolity. 3. The change 
of bulk of the inftrument itfelf in liquors of different 
temperatures. It became then neceflary to avoid taking 
the fundamental terms of comparifon very wide of each 

other, 



tre; puifque le refroidiffemcat depuis ce point fixe de temperature, diminueroit 

FefFetde la fpirituoiite fur indication immediate de TAreometre, comparative- 

ment a ce qu'on la troaveroit a ce point determine. 
J'ai pris encore ici pour la comparaifon de I'indication du Thermometre avec 

k denfite d*uile meme liqueur differemment ehaude, des termes qui fe trouvent 
en dedans des extremes des obfervations ordinaires; parce qu*ici plufleurs caufes 
fe combinent dans un meme effet, favoir,, i°. La marche des dilatations des liqueurs 
fpiritueufes comparativement au mercure, 2°. LadifFerence de marche des liqueurs 
de diiFerent degre de fpirituoiite. 3^ Les changemens de volume de Tinftrument 
lui meme dans les liqueurs differemment chaudes. II falloit done eviter de 
prendre les termes fondamentaux de comparwfon a une grande diftance^de peur 

de 
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other, left the error arifing from confidering the immer- 
lions of the Areometer, occafioned by the changes of 
temperature of the liquor, as being exadly proportionate 
to the indications of the Thermometer, fliould thereby 
be rendered fenfible. 

Every part of the Inftrument being thus determined, 
it will be eafy to conftrudt it every where in an uniform 
manner. Experiments will then be made, and the degree 
of fpirituofity which liquors in trade, under certain de- 
nominations, ought to have, will be fixed: fpirit of 
wine^ for inftance, brandy named tbree-Jifthi in Laur 
giiedoc, that which is called proof of Holland^ or any 
other. Thefe points being known, as the ftandardof 
the precious metals fixed by the different States that coin 
money, there will then be eftabliflied a proportionate 
value of the degrees of fpiritmfity^ which fliould be 

found 



de rendre fenfible I'erreur qui refultera totujours de confide rer les enfoncemcns d6 
rAreometre provenans des variations de la chaleur de la liqueur, oomm©-. 
exa(9cment propdrtionnels aux indications" du Theniiometre, 

Toutes les parties de rinftrument etant ainfi determinees, ilfera aife de le con- 
ftruire partout d'une maniere uniforme. On fera alors dcscxpcriences, et Fbn^ 
fixera a certains pdnts de TAreometre, le degre de fpirituolite que devront avoir 
les liqueurs attend ues dans le comrberce fous cettaines denominations^; Vefprit de 
vin^ par exemplcj Meau de vie nommee irois quinU en Languedoc, celle qu*on 
nomme a l^epreuve de Hollander ou telle autre: et ces points etant connus, 
comme on connoit les titres des m^taux precieuk fixes par les divers Etats qui 
battcnt monoye, il s'etabliraauffi une valeut proportiottnelle des degrh de /piritU' 

R r r 2 ofit^ 
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found more or lefs than the expe6led degree, as there is 
a price for the karat of gold or denkr of lil ver, by which 
tlie feller and buyer might always be able to do them- 
felves juftice. For inftance, every degree lefs than the 
point fixed for the common fpirit of wine would be -^ 
to be made good by the vender, that is about \\per cent. 
in the language of trade, and i per cent, only 'On brandy 
named three-fiths. 

When this Areometer fliould liave come into general 
life, the Police of the places in which the trade of Ipiri- 
tuous liquors is carried on, might take cognizance of it^ 
and keep the public ftandard of the Areometer, as they 
keeptheftandards of weights and meafures. The infpec- 
tors of that trade would thus have fixed modes of effay^ 
ing, and the public all the neceflary fecurity. 

There 



oftte de plus ou de moins que le degre attendn; comnie il y a un prix pour Je 
kurat de I'oret le denier de l*argent: par ou le vendeur ct Tacheteur pourront 
toijjoursfefaire juftice. Par exjemple, chaquc ^gxl de moins que le point fixe 
pour Vefprhde vin ordinaire, feroit ^ a bonifier par le vendeur, ou environ i^ 
pour cent en tcrme de commerce.; et i pour cent fculemcnt fur IWa de vie trois 
fuints* 

Quand cet Areometre feroit devenu^'unufageun peu general, la Police de« 
lieux ou fe fait le commerce des liqueurs fpiritucufes, pourroit en prendre con- 
noiffance, et conferver Teialon public de i'Ariometre, comme elle tient en depot 
-c€ux des mefures et desf poids. Les infpe^eurs prepofes auroient ainfi de« 
qpwuves fixe% ct le Public toute la certitude necelTaire fur cet objet, 

m 
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There would be little advantage, with refpedl to exa6t- 
ivefs, in making of fpirit of wine the Thermometer in 
tended for thefe elfays; though its variation would be 
more exa6tly conformable to the eftedls of heat upon li- 
quors of the fame fpecies: for it has been feen how far, 
by the method I propofed, the differences vanifli; and, 
on the contrary, there would be a lofs on two accounts : 
the one, that this Thermometer would be much lefs fen- 
fible than the quicklilver one; the other, that it is much 
more difficult to conftrucSt it, when one wants to make it 
upon fixed principles, and this the rather as ^ood 
\wrkmen have loft the habit of making them. 

One fees, moreover, that the fame Areometer may (mu- 
tatis mutandis) be ufed to meafure the faltnefs of water. 
Upon which I fliall only obferve, that the manner indi- 
cated of fixing the corre6tion for the heat, would be ftill 

more 



II y auroit peu a gagner pour rexadtitude, a fairc d'efprit de vin le Thermo- 
ra^tre deftine a ces , epreuves, quoique fa marche fut dans le fond plus conforme 
aux efFets de la chaleur fur des liqueurs dememe efpece; car on a vu a quel degre 
la methode queje propofe a fait difparoitre ks differences: et il y auroit a 
perdre au contraire a deux egards, I'un que ce Thermometre feroit bien moins 
feniible que celui de niercure, Tautre qu'il eft bien plus difficile a conftruire, 
lorfqu'on veut le faire fur des principes certains.; d'autant plus que les bons 
cuvriers ont perdu Phabitude d'en faire. 

On voit au refte que le meme inftrument peut etre employe a mefurer 
la falure de I'eau, mutatis mutandis. Stir quoi je ferai remarquer feulc- 
mentj que la maniere indiquee de fixer la correction pour la chaleur y feroit 
.jd'autant plus neceflaire, qu'il y a plus de difference dans la marche des effcts de la 

chaleur. 
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more necelFary in that cafe^ as there is a ftill greater dif- 
ference in the progreffions of the ejflfecSts of heat, between 
waters differently falted, than there is between Hquors 
that have a different degree of fpiritiiofity ; as may be 
feen by the experiments upon this fubje6l which I have 
explained in my work ^^^, 

Whatever approximation the method which I have 
applied to the conftrucSlion of the Areometer may give 
towards indicating, by equally diftant degrees upon the 
inftrument, equal differences of fpirituofity or faltnefs 
of the liquids into which it is dipped ; it will flill be true 
that it will only fliew equal differences in the fpecific 

(h) Vol. I. p. 271. — One may alfo fee, In the defcription of fig. 3, the me- 
thod of applying this inftrument to meiafure in general the fpecific gravity of 
all liquids in which it can fink. 

gravity 



chalcur, entre les eauxdifferemiHent falees, qu*cntre les liqueurs differemment 
fpiritueufes ; comme on pent le voir par les experiences que j'ai iapportees a ce 
fujet dans mon ouvrage (h). 

Quel que approximation que fournlfife la methode que j'ai appliquee a la con- 
ftruclion de I'Areomttre, pour indiqueur, par des digres egalement difta|isful: 
I'inftrument, des differences egales entr'elles de fpirituofite ou de falure des 
liquides dans lefquels on le plongera^ il fera toujours vrai fans doute, qu*il ne 
liiontrei*a exaclement que des differences egales dans lapefanteur fpecifiquede ces 

(h) Tom. I. p. 471. — Voyez siulU datis la defcription dc la fig. 3. le moyen d'employcr ect inftrument 
pour mefurcr en general la pcfantcur fpecifique de« liquides ou il peut I'cnfoncer. 

liquides^ 
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gravity of the liquids, to which the equal differences of 
faitnefs or fpirituofity will not exadlly anfwer. 

But the inftrument being conftrudled upon fixed prin- 
ciples, one might afterwards feek for the true laws which 
the different intenlities of thefe caufes follow, when the 
changes in the fpecific gravity are equal between them ; 
as I have already done cfrom an idea of Mr. le sage's) 
for the real differences of heat correfpondant to degrees 
equally diftant upon the Thermometer^'^; a determina- 
tion which would be ufeful in the particular cafes in 
which the approximation given by the inftrument would 
not be fufficient. 

I have not yet executed this inftrument; nor indeed is 
it neceffary that I ftiould undertake to do it, in a country 

(I) Vol. L p. 285, 

where 



liquides, auxquelles ne correfpondront pas auffi exa8:ement des diiFerences egales 
de falure o\i de fpirituofite, 

Mais rinflrument ctant conftruit fur des principes iixes, on pomroit enfuite 
chercher les vraies loix que fuivent les differences d'intenfite de ces caufes aux- 
quelles correfpondcnt des changemens egaux entr'eux dans la pefanteur fpeci- 
fiquej comme je lai fait (d'apres une idee de M"* jle sage) pour les differences 
reelles de chaleur qui produifent des degres egalement diflans fur le Thermo* 
metre C/j; fixation qui ferviroit dans quelques cas partkuliers, ou Papproxima- 
tion fournie par I'inftrument ne feroit pas fuffifante. 

Je n'ai pas encore pu executer cet Areometre; et il eft peu neceiaire menne 
qtieje l?entrcpi-enne, dans un pays ou tant d*arti;ftes font eactat de me eom- 

(t) Tom» I* p. 215. 

prenar& 
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where fo many artifts will underftand me by this defcrip- 
tion, and may even fupply what I have omitted. Andi 
Ihoiild any one be deliroiis of undertaking it, I would 
willingly affift him by communicating to him fome 
ideas for the execution^, which would have made thk 
paper too long, 

Conclufim with refpeSl to phyjical 7neafures In generaL 

Though the Areometer is ufeful in itfelf, the chief 
reafon of my dwelling upon it was to give an example 
of the general rule I have before eftablifhed. 

Here are in this cafe only three phyfical efFe6ls, the 
degrees of which are not proportionate to their apparent 
caufes, and which are united under the appearance of one 

fingle 



prendre fur cette defcriptlon, et de fuppleer meme a ce que je pourrois avoir 
ommis: etje me ferois d'ailleurs un plaiiir d'aiderle premier qui voudra Tentre- 
preiidre, en lui cpmmuniquant quelques idees de detail dans I'execution, qui 
auroicnt trop allonge ce memoire. 

Conclufion fur les Afefures phyjtques en generaL 
Quoique PAreometre ait de I'utilite par lui nieme, je me fuis principalement 
arrete a cxpliquer fes principes, pour donncr un exemple de la regie generalo 
que j'ai etablie, 

Voila, dans un feul cas, trois effets phyiiques dont les degres ne font pas pra- 

portionnels a ceux de leurs caufes, reunis meme fous I'apparence d*un feuJ, 

3. favoii' 
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fitigle effect, namely, the different finking of the Areome- 
ter, In the firfl: place, it will not always fink in liquors of 
different denfities in general, proportionally to thefe den- 
fities, on account of the changes of its own bulk by heat, 
and the poflible irregularity of its branch. Secondly, it 
will not fink in proportion to the changes of temperature 
of the liquor, becaiife the changes of denfity of the latter 
will not follow the fame law as the changes of temperature* 
I have already mentioned thefe two caufes of error; but 
here is a third. The Areometer will not fink exactly in 
the in verfe ratio of the quantities of flegm; becaufe the 
fpeciiSc gravity of the liquor does not follow the propor-* 
tion of thefe quantities. It has an increafing progref- 
fion; and here the immediate caufe of this difpropor- 
tion, w^hich is evident, may give us an idea of what takes 

jplace 



favoir Fenfoncement diiFerent de TAreometre. D'abord il ne s'enfoncera pas 
toujours dans les liqueurs de differentes denlitcs en general^ proportionnellement a 
ces deniites; a caufe de fes propres changemens de volume par la chaleur, et de 
rirregularite pofiible de fon tube. Enfuite il ne s*enfoncera pas proportionnelle- 
ment aux changemens de temperature de la liqueur i parce que les changemens 
de deniite de celle-ci ne fuivront pas la meme loi que les changemens de tempe* 
rature. J'ai deja indique ces deux caufes d^erret^r ; mais en voici une troifieme. 
L'Areometre ne s'enfoncera pas eXa£tement ai raifon inverfe des quantites de 
flegme j parce que la pefanteur fpccifique de la liqueur ne fuit pas le rapport de 
ces quantites; elle a une marche croiffante. Et ici, la caufe prochaine de cette 
difproponion,.qui eft evidentej peut nous donner une idee de ce qui fe pafl^ 
Vox. LXVIII. S f f dans 
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place in Nature, and hinders phyiical efFe<5ls from ap- 
pearing proportional to their caufes, in our obfervations. 

The ipirit and the flegm penetrate each other; that is 
to fay, the bulk of the mixture is a little lefs than the 
fums of the two bulks before the mixture ; and fo the 
ipecific gravity, which is the weight or the quantity of 
matter under a certain bulk, increafes a little in the 
mixture, comparatively with the mean fpecific gravity of 
the component parts. This penetration feems to me to 
give us fOme idea of the hidden caufes in bodies, which 
modify, unknown to us, the effeits of the apparent 
caufes, and prevent the obferved effecSts being propor- 
tional to thefe. 

One muft therefore, in order to have equal degrees in 
the Areometer, without fenlible error upon the fpiritu- 

ofity 



dans la Nature, et qui empeche Ics effets phyiiques d'etre proportionnels a leurs 
caufes dans nos obfervations. 

L'efprit et le flegme fe penetrent; c'^ft a di^e que le volume du melange eft 
un peu moindre que la fomme des deux volumes avant le melange: ainfi la pe- 
fanteur fpecifique, qui eft le poids ou la quantite de matiere, fous uncertain 
volume, augmente un peu dans le melange, comparativcment a la pefanteur ipe- 
cifique moycnne des compofans. Cette penetration reprefente affez bien ce me 
fembk les.<:aufes caeheesdans Ics corps, qui modifient a notre infu les effets des 
caufes apparentes, ejt empechent que les effets obferves ne leur foyent propor- 
tionnels, 

II faut done, pour avoir des degresegaux dans TAreometre fans erreur fenlible 
fur la fpirituoiite qji'il doit mefurer, fixer ces degres par la coroparaifon d'tWQts 

obferves 
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oiity that it is intended to meafure, fix thefe degrees by 
the comparifon of efFe6ls obferved within the limits of 
the common obf^rvations : and this is the fecureft way ia 
pradice; for how could one make a fcale follow all thefe 
different laws ? 

This is what I propofed to apply to phyfical effe6ts of 
all kinds which have unequal degrees, by equal dif- 
ferences in the intenfity of their caufes, or by equal de- 
grees of fome co-effe6l more ealily obferved, and which 
Ihould be made ufe of to determine the other. 

In order to make the advantage of this method more 
confpicuous, I will now apply it to the co-effeils the moft 
different which exift perhaps in Nature,! mean the aug- 
mentations of the bulks of quickfilver and water by the 
fame augmentations of heat. 

I will 



obferves en dedans des llmltes dcs obfervations orJinaires; et c'eft le chemin le 
plus fur dans la pratique; car comment pourroit on faire fuivre a line echelle 
toutes ces difFerentes loix. 

Voilace quejeme propofols d'appliquer aux efFets pliyfiques de tout genre, 
qui ont des degres inegaux, par des differences egales d'intenfite de leurs caufes, 
oupardesdegresegaux de quelque co-efFet, plus aife a obferver, et qui devroit 
fervir a determiner les autres. 

Pour rendre I'utilite de cette methode plus frappante, je vals Tappliquer aux 
co-efFets les plus difparates peut-etre qu'il y ait dans la Nature; je veux dire les 
augmentations de volume du mercure et de Teau, par les memes augmentations 
de la chaleur, 

S f f i>, J^ 
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I will only put the feme cafes I have explained before 
for fpirituous liquors ;- the firft, in which the acStual trial 
has been made at 80'' of the Thermometer, the fecond, 
in which it is fuppofed to be made at 20"", both com- 
pared with o ; and the third, in which the trial is made 
at 5*^ and 15°. The deviations of the three cafes between 
the temperatures of o and 20° (reputed to be the limits 
of the common obfervations) are as follow : 

I ft cafe. 



Je poferai {Implement les memes cas que j*ai expliques ci-devant pour les 
liqueurs fpiritueufes; le premier ou Tepreuve a£luelle a cte faite a 80° du Thcr- 
momttrej le ftcond ou elle eft cenfee faite a 20°; Tun et i'autrc comparative- 
ment a o: et le troifieme ou cette epreuve eft faite a ^ et a 15^. Les ecarts des 
trois cas, 3 entre les temperatures de o et 20% cenfees etre les Itmites des 
©bfervaticns ordinaire^;, font comme fuit. 



i* cas. 
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ift cafe* 


ad cafe. 


3d cafe. 
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In the change of the expreffion of the dilatations ot 
the water in the third cafe^ as in thecorrefponding cafe for 
the fpiritnoiis Hqtiors above mentioned, it was neceflary 
to confider as o or 1^ the bnlk of the matter correfponding 
with 5® upon the qnickfilver Thermometer, fince it is 

%¥ith 



1" cas. 5>* cas. 3*"* cas. 

Therm. Dilat. cle Teau. Therm. DiUt.de Teaw. Therm. Diiat. de i'eaw* 

80 80 

• ... •♦.* 

no 4,1 ^o 20 20 27,5 

15 1,6 15 7>S 15 »S 

10 0,2 10 I 10 8 

5 --0,4 5 —1,9 5 S 

00 00 04-7 

Dans le chnngement cle rc^prefllon des dilatations de i'eati m f" cas, comme 

t'ans le cas corrcfpondant cUdevant poor Ics liqueurs fpirltueufes, il a fallti 

^r^bord coufidcrcr comme rJro ou 2: le volume dc Teau corrcfpondant a 5'' fur h 

Ther- 
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Vvith this point that its bulk at the temperature 15"^ is 
compared. Making afterwards equal to 15-5 = 10 the 
iiiiniber of the equal parts which meafure the augmen- 
tation of the bulk of water, inftead of 156 + 054=2, which 
was the number in the firfl: cafe taken from the experi- 
ment, I have changed all thefe terms in the proportion 
of 2 to I o, which has preferved the fame proportions 
between them. After this the expreflion of the 
Thermometer continuing the fame, that is, its o ox oc re- 
maining 5"" lower than the inferior points of the a6tual 
comparifon, in order to have, without calculation, the 
deviations within and without thofe points of compari- 
fon, it was necelTary to add 5 to all the firfl: numbers 
w^hich exprefs the real dilatations of the water, I might 
have fubtra6led 5 from each indication of the Thermo^ 
meter, which would have come to the fame. It wdli be 

ealily 

Thermometfe tie mercure; pnifque c'efl avec ce point que fon volume a la 
temperature 15° eft compare. Faifant enfuite egal a 15 — 5=10 lenonibre des 
parties cgales qui mefure Faugmentation de volume cle Feau, au lieu de 156 + 0,4 
n:2 qu'etoit ce nombre dans le premier cas tire de Fexperience, j'ai chano-e tous 
ics tcrmes dans le rapport de 2 a lO; ce qui a conferve les memes proportions 
entr'eux. Apres quoi, Fexpreffion du Thermometre reliant la meme, c'eft a 
dire fon zlr^ ouasreftant de ^ plus bas que le point inferieur de comparaifon 
a^luelle; pour avoir fanscalcul les deviations au dedans et au dehors de ces points 
de compaoraifon, il a fallu ajouter 5 a tous les nombres qui expriment les dilata- 
tions redles de Feau. Jaurois pu retrancher 5 I cbaque indication du Thermo- 
metre, c€ qui feroit rcveau au meme. On verra aifement je crols que c'eft la la 

route 
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eafily feen, I believe, that this was the road to follow in 
order to tranfpofe, in the third cafe, thofe proportions 
found by experiment, which immediately conftitute the 
fecond. I proceeded in the fame manner in the exam- 
ple drawn from the two fpirituons liquors . As to the fecond 
cafe, as wxll for thefe liquors as for the water, it is evi- 
dent, that the change of the fcale which meafures their 
dilatations, occafions no change in the proportions of the 
terms found by experiment. 

I repeat it, I do not believe one has ever obferved, 
in any cafe, two co-efFe6t$ of the fame caufe which fol- 
low more difproportioned progreffions, than thefe dilata- 
tions of quickfilver and water by the fame augmenta- 
tions of heat: and yet one fees, that by this method (I 
mean by obferving the real proportions of the co-effedls 
within the ordinary limits of the intenlities of the caufes) 

one 



route qu'il fallolt fulvre, pour tranfporter dans le 3^^^ cas, ces rapports trouves 
par Texperience c|ui ferment immediatement le premier, J'ai precede de la 
meme maniere dans Fexemple tire des deux liqueurs fpiritueules. Quant au 
fecond cas, tant pour ces liqueurs que pour I'eau, il ell evident que le changement 
de Techelle qui mefure leurs dilatations, n'en apporte aucun dans le rapport des 
termes trouves par rexperience. 

II ne mc femble pas, je ie repete, qu*on ak obferve en aucun cas, deux co- 
effets d'une meme caufe qui fuivent des marclies plus difproportionees que ces 
dilatations du mercure et d@ Tcau par les memes augmentations dela chaleuri et 
cependanton voit queparcette methode (je veux dire en prenant parobfervatian 
des rapports des co-elTets au dedans des limites crdina ires, des iatenfites des. caufes) 

on 
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one lelTens mttcli the errors in the other terms, which 
will refult from fuppofingthem to be proportionate to the 
obferved proportions; and that one procures a feniible 
exadlnefs ne % the points of a6tual trial, which are at the 
fame time near the greatefl: number of the cafes of prac-* 
tice for which one wiflies to find meafures. 

And if one confiders co-efFe6ts in general, fetting afide 
this extreme difparity, one will perhaps feldom meet 
with any, which follow laws more different than the cor^ 
refponding dilatations of quickfilver and brandy : even 
very frequently they will not deviate more than thofe of 
brandy and fpirits of wine; and in that cafe it has been 
feen, that this method reduces fo much the deviations by 
throwing them out of the limits of the ordinary cafes^ 
that it may be ufed without fenfible error, when thof6 

co-efFe6ls 



on dlminue beaucouf) les ecarts qu'*on fera dans les autres termes en les fuppofant 
proportionnels aux rapports obferves ; et qu*on fe procure meme fenfiblement 
Fexaflitude, aux environs des points d'eprcuve a£luelle, qui font en meme terns 
les plus pres du plus grand nombre deS cas dc pratique pour lefquels on cherche 
des mefures, 

Et li I'on conlldere les co-efFets en general^ mettant a part cette extreme dif- 
parite, on en trouvera peut-etre raremcnt qui fuivent des loix plus differentes 
que les dilatations correfpondantes du mercure et de I'eau de vie ; tres fouvent 
meme ils ne s'ecarteront pas davantage que celles de Peau de vie et de Feiprit de 
vin; et alors on a vu, que cette methode y reduit tellement les ecarts^ en les 
rejettant hors des limites des cas ordinaires, qu'on pourra^Femployer fans errcur 

fenfible. 
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co-efFe6ls are not followed in all their degrees. Whilft, 
on the other hand, the method of taking the fundamen- 
tal proportions in points which are very diftant, under 
the idea of leflfening the efFe6ts of the errors, is exactly 
that which accumulates a greater quantity of them upon 
the intermediate cafes, which are the moft frequent, and 
often the only ones in the which there is need in prac* 
tice of knowing the co-effe6ls by one another. 

One muft not, therefore, feek the power of the 
Thermometer which corre6ts watches, invented by the 
immortal harrison, by trying it in the temperatures of 
artificial congelation and in a ftove; for that is the way 
of deftroying a great part of its corre6ting efFe6l, in the 
very cafes wherein it is moft neceffary, by accumulating 
on them the deviations of two co-efFe(5ts, probably very 
little proportional, namely, the changes of the elaftic force 

of 



fenfible, q\iand on n'aura pas fuivi ces co-effets dans tous Icurs degres, Tandis 
que celle de cliercher leurs rapports en des points fort eloignes, dans Tidee de 
diminuer rcffet dcs erreurs, eft precifement le moyen d'en accumuler le plus 
fur les cas intermediares, qui font lesplus frequens; et fouvent les feuls ou i'on 
ait befoin de connoitre les co-efte£ls les uns par les autrcs. 

II ne faut done pas, par exemple, chercher le pouvoir du Thermomttrc cor* 
refteur des montres, invcnte par rimmortel harrison, en Teprouvant dans les 
temperatures d'une congelation artificielle et d*une etuve : car c'eft le moyen de 
lui oter une grande partie de cet effet correSlemr, dans les cas ou il eft le plus 
necelTaire-, puifque c'eft y accumuler les ecartsde deux co-effets probablement 
tres peu proportionnelsj favoir les changemens de force elaftique d'un reffort 

Vol. LXVIIL T t t fpiral, 
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of a fpiral fpring, combined with all the other alterations, 
heal produces in a watch, and the di&rent degrees of 
bending of a lamella compoled of two metals differently 
dilatable by heat. I am apt to believe, that a part of the 
irregularities which ftiil continue in thefe watches with 
correcting Thermometers, proceed from not having tried 
their efFe<5ts within the limits of the natural tempera- 
tures to which the watches are expofed. 

For the fame reafon it will not be proper to ufe very 
great differences of heat in the experiments intended to 
find the required combination of the two fubftances ia 
the pendulum : qvl the contrary, it will even be better to 
make them within the limits of the natural variations of 
heat which the pendulum will meet with in its plaoe: 
for by that means, though thefe fubftances have not pro*- 

bably 



fpiral, combines avec toutes.Ies autres alterations- que prod uit Ja chaleurdana 
"one montre, et les difFerentes courboures qu' eprouve une lame compofeede d^ux 
metaux differeminent dilatables par la chaleur, Aufli fuis-je pone a eroire, 
qu*une partie des irregularites qui reflent encore dans ces montres a Thermome- 
tres corre^leurs, viennent de n'avoir pas cherche leurs effets au dedans dcs limites 
des temperatures naturelles ou les montres font expofecs. 

Par la meme raifon il ne faudra pas employer de tres grandes differences dc 
cbaleur dans les experiences deftinecs a trouver la combinaifon convenable dcs. 
deux matieres dans le pendule* et au contraire il conviendra de les faire en 
dedans meme des limites des variations naturelles de chaleur que le pendule 
Iprouvera afaplace: car par 1% quoique ces matieres n'ayent probablement pas 

la 
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bably the fame progrelTion by heat, one will not perceive 
in practice the efFedls of their differences. 

One muft not neither, from the compared dilatations 
of air and quickfilver in pafling from the freezing to the 
boiling point, conclude the relation of the denlities of the 
air in the atmofphere with the height of the quickfilver 
in the Thermometer, For here, ks in the comparifon be-- 
tween fpirituous liquors and quickfilver, we have a double 
error to guard againft, that which may arife from the dif* 
ferences in the progreffion of all air and quickfilver by 
the variations of the heat, and that which more or lefs ex- 
halations and vapours certainly do produce in the dilata- 
tions of the former. I believe, therefore, that to confine 
one's felf, in feeking for ^ common rule, within the li^ 
mits of the moft frequent natural variations of heat, and 
obferving their effeils in the atmofphere itfelf, v/ill be 

the 



la meme marche par la chaleur, on fcra fenfiblemcnt a Tabri des efFcts de leurs 
differences. 

II ne faudra pas non plus chercher, par les rapports des dilatations de Tair et 
du mcrcure en palTant de la glace a Teau bouillante, ceux des denfites de Taiir 
dans Tatmofpliere avec la marche du Thermometrc. Car ici, comme dans la 
coraparaifon des liqueurs fpiritueufes au mercure, nous avons double erreur a 
prevenir: celle qui peut rcfulter des differences dans les marches de tout air et 
du mercure paries variations de chaleur, et celle que^produifent furement dans la 
marche du premier, le plus ou lo moins de vapeurs et d*€xbalaifons qu'il contient. 
Se renfermer done, pour la recherche d'une regie commune, dansl'etendue des 
variations de chaleur les plus frequentes, en obfervant leurs effets dans Fatmo- 

T t t 2 ¥^ere 
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the fureft mean of diminifliing the errors, till fuch firpe 
as one Ihall be able to follow thefe variations of denfity 
though all their caufes ; enquiries worthy the greateft 
care of natural philosophers. 

For the fame reafons it will not be in the greateft and 
leaft degrees of heat in the atmofphere that we muft take 
the fundamental proportions of the refractions with the 
Thermometer: for unlefs one was likewife to determine 
by experiment fome of the intermediate proportions, 
one would probably be expofed to very great errorsc; 
confidering firft, in general, that the changes of theden?- 
lity of air by heat may poffibly, as I have juft faid, not 
obferve the fame law as thofe of the qiiickfiilver in the 
Thermometer; confidering likewife that the changes of 
the denfity of the atmofpherical air by heat are probably 

accom'* 



fphere meme, fcra je crois le moyen le plus fur de diminuer les .erreurs, jufqu*a 
ce qu'on foit en etat de fuivre pas a pas ces variations de denfite par tQutcs leurs 
caufes; rechcrches dignes du plus grand foindes phyficiens. 

Par les memes raifons il ne faudra pas chercher dans les plus grandes ct ks 
moindres chaleurs de Tatmofphere, le rapport des refractions avcc Ic Thermome- 
tre: car a moins de determiner aufli par I'experience quelqucs uns des rapports 
intermediares, on feroit probablenient fujet a de tres grandes errcurs: vu d'abord 
en general, que les changemens de denfite. de Tair par la chaleur, pourroient 
bien, commeje viens de la dire, nepas fuivre la meme lai que ceux du mercurc 
dans le Thermometre: vu encore que les changemens de denfite de Fair atmo- 

fphefiqiic 
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accompanied with a change of its nature, by the mix- 
ture of vapours and exhalations, which may occafion 
great variations hi the law of dilatations ; conlidering 
above all, that the changes of refringent power and of 
denfity are two co-effecSts of very different nature, the 
progreffions of which may differ more, than thofe of the 
denfities alone in different bodies* Here then are com- 
plications of complications, which may very likely accu- 
mulate errors in the intervals of the proportions fur- 
nijDhed by experience between the refraftions and the 
indications of th^ Thermometer, if thofe proportions 
were taken in points very far diftant . The application 
of the theory of refractions to the praitice of aftronpmy 
is as delicate as important, and cannot be viewed in too 
many lights ;. which determines me not to infift farther 

here 



fpherique par lachaleurj font probablement accompagnis dc cliangeroent dans^fa 
nature par le melange des vapeurs et des exhalaifons, ce qui peut rendre la loi 
de fes dilatations tres variable; vu furtout que les cliangemens de vertu refrin- 
gente et de denfite, font deux co-effets de nature bien dilFerente, et dont les 
marches peuvent s'ecarter davantage, que cellejj des denfites feules dans difFerens 
corps. Voila done des complications de complieations, qui pourrolent bien 
accumuler des erreursdans Fintervalle des rapports fournis par Fexperiencc entre 
les refraaions, ei les indications du Thermometre, ft cm rapports etoient pris 
en des points fort eloignes. UappUcation de la theorie des refraaions a la pra- 
tique de raftronomie, eft auffi delicate qu*importante, et Ton m faurait Fenvi- 

fagcT 
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here on this objeft, but to confider it by itfelf in another 

Papei% 

As to phylical co-efFe<5ls in general, and I dare affert it 
here, in co-efFe6tsof all kinds, if one cannot fix all their 
relations, degree by degree, by immediate and fure ob- 
fervations, one muft avoid deducing general rules from 
relations taken in the extremes. The action of caufes, 
moral as well as phyfical, whether from the variety 
of the fubjedls on w^hich they a<5l, whether from fecon- 
dary ones which lefcape our obfervations, is too compli- 
cated, for the obfervable modifications to increafe in the 
exa6l proportion of the evident caufes ; and confequently 
for the co-efFe6ls of thefe to be proportionate between 
themfelves. 

IftiaU 



fager par trop de faces; cc qui me determine a ne pas m'etendre d*avantage 
ici fur cet objet, pour la traiter a part dans un autre Memoire. 

Quant aux co-effets phyliques en general, et j'ofe le dire ici, dans les co-cfTets 
de tout genre, fi Ton ne peut pas fixer tous leurs rapports degrepar degre pardcs 
obfervations immediates et fures, il faut eviter de rirer des regies gcnerales, dc 
rapports pris dans les extremes. L'acElion des caufes, tant morales que phy- 
fiques, eft trop compliquee, foit par la variete des fujets fur lefquels elles agif- 
fent, foit par des caufes fecondaires qui echappent a nos obfervations, pour que 
les modifications obfervables croiflent en proportion exa£le des caufes evidentes; 
-tt par confcquent, pour que les co-efFets dc cellcs-ci foyent proportionels entr'eux. 

4 Je 



Pyrometry and Areometry^ 8cc, 543 

I Ihall now GoUe6t the refults v ,i the preceding re- 
flexions with regard to phyfical meafnres. 

When the inqxiiry is into general canfes, fiich as heat, 
the ele6lric Oxmlybumory light, the weight of the air, 
the fall of bodies, percuffion, &€• caufes concerning 
which we never acquire fufficient light, we muftendea- 
t'our to find out what are their moft fimple effeits, in 
order to meafure the intenlity of them by thofe 
eflfeiSls, In that cafe it is proper that the fixed terms 
of the meafure be taken at the greateft pofllble 
diftances. For it being the moft fimple efFe(a:, and con- 
fequently that which approaches neareft to follow, by 
its degrees, thofe of the intenfity of the caufe, it will 
ferve as a common meafure for all the other efFe£ts de- 
pendant on it. Onemuft, therefore, afcertain the uni- 
form 



Je vais maintenant raffeiTibler ici les refultats des reflexions precedentes a 
regard des Mefures pliyfiqiies. 

Lorfqu*il s'agira de caufes generales^ comme la chaleur, le fluide eleiEtrique, 
V humor yhlumihrty le poids de Pair, la chute des corps, les chocs, &c. caufes 
fur TadVion defquelles nous n'acqucrrons jamais affez de lumieres, ■ ilfaut 
chercher quels font leurs effets les plus iimples, afin de mefurer l^ur inteniite 
par ces eifets. Mors fans doute il convient que les termcs fixes de la mefure 
foyent pris aux plus grandes diftances poffibles. Car s'agilfant de TeiFet le plus 
fimple, et par confequent le plus approchant de fuivre par fes'degres ceux de 
rinteniite de la caufe, il fervira de mefure commune po':r tous les autres cffet 
qui en dependront. II faut done alTurer la conftrudtion uniforme de la mefure; 
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form conflru6lion of the meafure, which cannot be more 
accurately obtained than by a great diftance of the fixed 
l^oints; and attempt, however, by every means poffible, 
to find the proportions of this moft fimple and moft re- 
gular efFe6l, with its caufe. It is on this account, that, 
in my treatife on the Thermometer, I have expofed all 
the rcafons which lead me to believe that quickfilver is 
the body whofe changes of bulk are moft proportionate 
to the variations of heat which produce them, in order to 
alTure to this liquid the preference as a common meafure 
of heat : and that afterwards, as I have faid above, I looked 
for the proportions of its progreffion with thofe of heat 
itfelf. 

But as to the co-efFe(5ls which will be indicated by 
thefe meafures of general caufes, unlefs they can be de- 
termined degree after degree by experiment, and the 

objedls 



ce qu'on obtient plus furement par unc grande diftance des points fixes-, et 
chercher cependant par tons les moyens poffibles les rapports de cet efFet le plus 
regulier, avec fa caufe. C*eft par ces raifons que dans men traite fur le Ther- 
mometre, j'ai raiTemble tous les motifs qui me portent a croire que le mercurc 
eft celui des corps dont ks changemens de volume font les plus proportiotinels 
aux variations de lachaleur qui les produifent; afin d^aifure'r a ce liquide la pre- 
ference pour la mefure commune de la chaleur: et qu'enfuite, comme je I'ai dit 
ci-deffus, j-ai cherche les rapports de fa marche avec celie de la chaleur elle- 
meme. 

Mais quant auxco-efFedls qui feront indiques par ces mefures des caufes gene- 
rales, a moins qu'on ne puifle les determiner degre par dcgre a I'aide de I'expe- 

rienc€. 
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t>bje£ls are delicate enough to make this neceffaryj the 
fafeft, and at the fame time moft convenient, method 
will be always to keep within the limits of the natural 
cafes, to fix the fundamental points of the proportions; 
ufing for that purpofe all the fupplies of art and found 
logic to come as near to exaitnefs as poffible in fixing 
thefe bafes. It is this confidcration which feenis to 
me to give fome value to the method of afcertaining the 
relative expanfibihties of bodies, %vhich is the fubject of 
the firft pait of this paper. If the co-effe£ts are propor- 
tionate between them, there will be Httle loll in not taking 
difl:ant terms of comparifon, if they are taken exacTtly* 
If the co-efFe6ts are not proportionate, there will be much 
gain; and the lefs they are, fo much tlie more. 

We are obliged to take up with probability in Nature 
in fo many refpe£ts, that it is perhaps of more impor- 
tance 



rience, et que les objets foyent affes delkats pour qu il k faille, la methodic la 
plus fure, et en meroe tems la plus commode, fera toujours de rcntrer en dedans 
des limitQs des cas naturels, pour fixer les points fondamentaux des rapports; 
en employant tout ce que fart et la bonne logique peuvcnt fournir dc lecoiirs et 
de methodes pour approcher leplus qu*il eft |>ofliblede rexactkudc en tlxant ces 
bafes. C'eft cctte confidcration qui roe paioit donner du prix a la methods de 
fixer les expanfibilites relatives des corps, qui fait le fujst de la premiere partie 
4e ce Merooire* Si les co-elFets font prcportionnek entr*eux, on pe.rdra pcu a 
nc pas prendre desterraesde comparaifon eloigncs, pourvu qu*on les p;ennc avcc 
exaftitiide, S*ils nc le font pas, on gagncrabeaucoup; et d'autant plus, qu*ils 
le feront moins. 

Nous fommei obliges de nous contenter du probable a tant d*egards dans la 
Vol.. LXVIII. U u u Nature, 
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tance to us to inveftigate the phylical rules of probabi*- 

lity than to attend to its mathematical rules upon hypo*- 

thefes. 



EXPLANATION OF THE FIGURES. 

F r G, I. 

aa A rod of a fubftance little dilatable by heat (giafs for 

inftance) fvifpended vertically. 
b A bracket, from which hangs that rod. 
e Point offufpenjion of the rod. It is the point where the 

rod is free from the preflure of the piece which keeps 

it 



Nature, qnc cherchcr les regies phyfiques de la probabilite, nous eft peut-etre 
plus effentiel, que de nous attacher a fes regies mathematiques fur des bypothefes* 



EXPLICATION I>ES FIGURES. 

F I G. I. 

it a Une branche d'une matiere peu dilatable par la chaleur (de verre par exem- 

ple) fufpendue verticalemcnt. 
h Une pike fixJe quelque part, d'ou pend cette branche. 

c Point defufpenjion de lariieme branche, Od\ celui ou elle fe trove degagee 

de 
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it fufpended ; and it is from that point only that the 
length of the rod is reckoned. This is the rod which 
is called^^^^ in the paper. 

dd A rod of a more dilatable fubftance than the former. 

e Point at which the rods are connected, called in the 
^zper pomJ of union of the rods. 

/ Point marked upon the rod dd at the middle height of 

the rod a a. 
g Another point upon the fame rod, at the third part of 

that height. 

The rod dd is the one which is called free in the 
paper. If then that free rod has a dilatability 
double of that of Xh^Jixed rod^ the point / Hi all 
be immoveable^ notwithftanding the variations 
of the heat. If the firft dilatability is triple, 
then the point d will be immoveable. 

F I G. 



de la piece qui la tient fufpendue; et c'eft de cc point feulement que doit fe 
compter la longueur de la branche, Ceft cclle qui eft dite fixee dans le 
Memoire. 
dd Une branche d*une autre matiere plus dilatable que la premiere. 
i Point ou les-deux branches font goupiUees enfemble, nomme dans le memoire 

poiyit de reunion dcs branches, 
/ Point marque fur la branche dd a la moite de la hauteur de la branche a a. 
g Autre point marque fur la memc branche, ai» tiers de la hauteur de I'autre. 

La branche dd eft celle qui eft ditte lihre dans le Memoire. Si done cette 
branche libre a une dilatabilite double de celle de la branche fixee y le point 
/ fera immcbiky malgre les variation de la chaleur. Si la premiere dila- 
tabilite eft triple de ladernierc, ce fera le point </ qui fera immobile* 

U u u a FIG, 
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FIG. II. 

a a Stand to which the Pyrometer is fufpended. 

b The hook from which it hangs, 

ccc The deal- board which is the balls of the whole ap- 
paratus. 

dddd Four arms to which the frame eeee is fixed. 

eeee The frame. 

ssss Another frame, which carries the Microfcope. 

gg Two crofs pieces, through which pafles the tube of 
the Microfcope, and which fupport it near both ends. 

bb The Microfcope. 

/ Its Micrometer. 

k Cork, through which pafles the glafs rod, and by 
which it is kept fulpended. 

// The 

F I G. II. 

aa Le fupport auquel eft fufpendu le Pyromkre* 

b Le crochet d'ou il pend. 

ccc La planche de fapin qui fertde bafe atout Tappareil. 

dddd Quatre bras qui fervent a porter le cadre eeee. 

eeeeCQ cadre. 

ffff Le chaffis qui porte Ic Microfcope. 

gg Deux traverfcs dans lefquelles paflc le tube du Microfcope, pour Ic foutcnir 

pres de fes deux bouts. 
i>^ Le Microfcope lui meme. 
I Son Micrometre. 
k Liege dans lequel la branche de vcrrc eft tenuc» 

I //La 
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//The glafs rod. 

;5^ A rod of metal, or of any other fubftance lefs dilata- 
ble than glafs. 
n. Point of unions obtained by means of two conne6led 
rings, in which both rods are fattened by fcrews. 
Higher up is another pair of rings, in one of which 
the metal rod is free, and which rod it fupports. 
0p The piece to which the glafs rod is fufpended. 
q A fquare piece fixed to the frame by four fcrews, be- 
hind which is a box, in which, as well as in a groove 
cut in the bafis in/>, the piece 0/) Aides, 
r A fcrew, which palTes through the fquare piece ^, 
whofe ufe is to move backwards or forwards the piece 
Qj in order to bring the furface of the metal rod to the 
focus of the Mierofcope. 

ssss Four 



// La branche de. verre. 

f/rLa branche de metal, ou de toute autre fubftance plus dilatable que le verre, 
nljQ point de reunion^ produit par deux anneaux accouples, ou cliacune des 
branches eft ftxee par une vis, 

Un double anneau fembiable, mais ou la branche de metal paiTe librement^ 
fe voit plus haut, et fert a foutenir cette derniere branche. 
tp La piece a laquelle la branche de verre eft fufpendue. 

^ Une autre piece iixee fur le cadre par 4. vis, derriere laquelle eft une boite oil 
la piece op glifle fort jufte, ainfi que dans une mortal fc faite a la planchc 
ccctnp, 
y Une vis qui pafie au travers de la piece y, et qui fert a faire mouvoir la piece 
op en avant ou en arriere pour amener la furface de la bnuichc tie Uicial 
au foyer du Mierofcope, 

ji5^ Quatrc 
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ssss Four fcrews, with round metal plates behind 
their heads, which ferve to prefs the frame of 
the Microfcope againft the frame eeee: the longitu- 
dinal openings, through which pafs the fcrews, per- 
mit the free motion of the firfl: frame, when one 
ilrik.es gently with a hammer to the bottom or the 
top of one of the fides. 

When one wants the Microfcope higher or lower 
than the grooves permit, one may change the 
fcrews in other holes made on purpofe in the 
fide pieces of the frame eeee. 
Mtt The cylindrical bottlQ, in w^hich hang the rods, in 
order to be heated at diflFerent degrees by water of 
various temperatures. 
ttti Supporters of the bottle^ 

:x Ther- 



,f jfi Quatre vis, ayant dcs plaques de metal derriere leurs tetes, qui fervent a 
preffer le chaffis du Microfcope contre le cadre eeee*, fans empecher cepejtdant 
que ce cbaffis ne puifle monter ou defcendre (par le moyen des ouvertures 
longitiidinales ou paffent les vis) en frappant des petits coups de marteau 
deflbus ou deflus I'an ^t% cotes. 

Quand on a befoin de placer le Microfcope plus haut ou plus bas que les 
coulilTes ne peuvent le permettre, on change les vis en d'autres trous qui 
font le long des montans du cadre eeee^ 
tttt La bduteille cylindrique dans laquelle pendfent les branches pour y ctrc 

echauiFees a difFerens degres, par de Teau a diiferentes temperatures. 
,««: Supports de cette bouteilie* 

^ Ther- 
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X Thermometer fufpended in the water, 

yy A. rod, to the lower end of w^hich is fixed a fmall 

plate, to ftir the water by moving it up and down. 
zz K fyphon, one branch of which is within, and the 

other without, the bottle, the latter with a cock; 

ferving to draw off the quantity of water which is 

neceflary for changing the temperature in the bottle.- 

r I G. iir» 

a The ball of the Areometer^ which is of glafs and 

empty, except 
b The fmall ciftern at the bottom, which contains quicks 

lilver. 
^r The branchy made of a thin metal tiibe> cemented to 

the ball., 

4:5,15 Two 



iv Thermometre fufpendu dans Peau,: 

yy Baguette au bas de laquelle eft une petite plaque, qui fert a agiter I'eau en 1* 

faifant mouvoir de bas en haut et de haut en bas; 
jsjs Syphon, dont une des branches eft dans la bouteille, et I'autre au dehors 

portant un robinet; fervant a tirer de la bouteille la quantite d'cau necelTaire 

aux changemens de degres de chaleur, 

FIG. IIL 

fl Boule de VAreotmtre^ qui eft de verre et vuidc, excepte 

^ Le petit refervoir rempli de mercure* 

cc La branche, faite d'ua tube mince de metal cimente a la boulc. 

45,i5Peux 
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45? ^S Two threads tied to the branch, which are the 
fxed points of the Areometer, as intended to try fpi- 
ritnoiis liquors. 

The conftrnition of the whole fcale is explained ia 
the paper. 
One may apply another fcale on the oppofite ilde of 
the branch (luch as the arbitrary fcale in the figure) in- 
tended to try merely the fpecific gravity of the liquids in 
which the Areometer may be dipped. The particular 
Jioced points of this fcale (as for inftance ddj may be taken 
in two liquids whatfoevei-, whofe fpecific gravities, tried 
by the hydroftatie balance, fhall have a convenient rela- 
tion ; and the fpace between thofe two points will be di- 
vided into a convenient number of equal parts. 

The 



45^15 Deux fils attaches autour dek branche, qui font les fomisfims deVdriO* 

mhre, comme defline a l*epreuvedcs liqueurs fpiritoeufes. 
La fpnftru^lion dc toute cette echelle eft expliquee dans le MemoIi*e, 

On peut tracer dc I'autre cote de la branche une autre echelle (comme l*cchelfc 
arbitraire de la figure) marquant fimplement ies pefanteurs fpecifiques des liquides 
dans lefquels VJr$ormtre fera plonge, Ses points fixes (comme par exemple dd) 
pourront auffi etre marques par des fils dans deux liqueurs quelconque, ou la 
balance hydroftatique aura indique des pefanteurs fpecifiques qui ayent entr'elles 
des rapports fimpks, dont la difference fera divifee enfisite en parties igalci fur 
i!echellq, 

II 
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The proportions are not determined in this figure, 
which ferves only to help the explanation of the princi- 
ples upon which a comparable Areometer might be con- 
ftru6led. 



II n'y a rien de determine dans Ics proportions de cette figure, qui fert unique- 
nient a rendre plus intelligible les principes fur lefquels on pourcoit conftruirc 
un Arhmeire comparahUm 
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